














TkU document hcu> been approved ^on. pabtic kz-








Lieutenant (junior grade) United States Navy
B. So, Purdue University, 1969
Submitted in partial fulfillment of the
requirements for the degree of










The objective of this thesis was to develop a practical computer
system for use of empirical data in the aerodynamic optimization of
aircraft propellers. The system was designed for use with the IBM
2741 on-line computer terminal. This program provides instructions
to the operator during execution, and allows interaction by the operator
for input and alteration of data, and for program instructions.
The Lockheed P-3C aircraft was chosen as the subject for test and
evaluation of the program. The currently operational propeller of this
aircraft was tested to compare the program's prediction of aircraft
performance against flight test information. An attempt was then made
to select a propeller which would provide better performance under the
same constraints as those imposed in design of the operational propeller.
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I. INTRODUCTION
In 1902, the Wright brothers, planning to adapt a theory used in the
design of marine propellers, conducted a literature search in the Dayton,
Ohio, public library. They found no theory, but only empirical data. A
general theory of aircraft propeller performance was not forthcoming until
1929 in a paper presented to the Royal Society of London by Goldstein,
[Ref. 1]. This "vortex theory" developed by Goldstein has since been re-
vised and amplified [Ref. 2], but is still cumbersome and somewhat in-
accurate for use in real propeller design.
Many wind tunnel tests were conducted on aircraft propellers before,
during, and immediately following World War II, notably by Hartman and
Biermann for the N.A.C.A. [Ref. 3J. Since that time the advent of the jet
engine has caused a loss of interest in propeller research by all except
•a few propeller manufacturers.
Hence, even in 1970, aircraft propellers are still being designed by
methods not much more sophisticated than those employed by the Wright
brothers in 1902. A general theory exists which is limited in its appli-
cability. Great volumes of empirical data, much of it useless in practice,
"has been generated. Still, however, the propeller designer basically
searches through empirical charts for an aerodynamically optimum propeller
configuration.
Hamilton Standard Division of United Aircraft, probably the leader
in the field of propeller design, has estimated sixteen man-hours of this
type of work for each propeller design. Some use was being made of modern
digital computers, however, to choose the best design after the range of
possibilities had been narrowed by the manual process. The prograr- s sed
were reportedly based upon Goldstein's vortex theory of 1929.
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The results of the extensive research and the general theories, in
spite of the lack of sophistication, have been remarkable. The Wright
brother's propeller, designed by a theory of their own, had an efficiency
of about 66%, Modern propellers can be expected to exhibit efficiencies
above 90%, in some cases.
Judging from the history of the past seventy years, it seems reason-
able to assume that empiricism will continue to dominate the propeller
field in the foreseeable future. Therefore, it is the purpose of this
thesis to make the procedure of designing an aerodynamically optimum pro-
peller a little easier, and less time consuming, by employing the on-line
digital computer systems now available.
The result of this thesis was a computer program, PR0P0P, designed
for use with the IBM 2741 on-line computer console. PR0P0P asks ques-
tions concerning the aircraft, engines, environment, constraints and opti-
mization criteria. The required information is supplied by the operator
through the communications console.
PROPOP was designed with the intent that it contain all the instruc-
tions needed by the operator to manipulate the program successfully.
Parts II and III of this thesis serve as a user's manual, in case more
detailed instructions on program use are required, or in the event the
user wishes to modify the program in some way. Theoretically, no knowledge
of FORTRAN or internal operation of the program is required for use of
PROPOP, beyond the ability to use the IBM 2741 console (or similar system).
Once execution of PROPOP begins, all instructions for its operation are
provided by the program itself.
The advantages of PROPOP lie in the integration of propeller efficency
determination and aircraft performance evaluation. Present programs
10

apparently begin with assumed operating conditions for horsepower, alti-
tude and velocity, then optimize propeller efficiency for these condi-
tions. However, after this propeller is determined, it may be found
that the aircraft does not actually operate at the assumed conditions.
Consequently, the propeller is no longer optimum. The designer is then
forced either to ignore this fact or to choose new assumed operating
conditions and repeat the optimization process. In effect, PROPOP auto-
matically chooses the latter of these two alternatives. Much flexibility
is also incorporated into the system by allowing the operator to select
the relative importance of the various aircraft performance characteris-
tics, and by allowing him to impose constraints on aircraft performance.
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II. PROGRAM ORGANIZATION AND OPERATION
A. GENERAL ORGANIZATION




3. Performance Evaluation Subprogram
Immediately upon execution of the program, propeller performance data
are read through the off-line card reader. These data are internal to the
program, A message is typed on the operator's console when all data have
been read. A brief explanation of the program is then printed, followed
by a list of steps the operator must perform.
The Input Routine then begins. This routine asks questions of the
operator about the aircraft, engines, etc., for which the propeller is
to be optimized. The operator responds by typing in the required informa-
tion and the program proceeds to the next question.
PROPOP operates in two modes. If the operator completely specifies
the propeller during operation of the Input Routine, the program operates
in the evaluation mode. In this mode the program proceeds from the Input
Routine to the Performance Evaluation Routine (dashed line, Fig. 1) and
evaluates the aircraft performance with the given specified propeller.
However, should the operator leave any or all the propeller parameters un-
specified, the program operates in the optimization mode. In this mode,
after completion of the Input Routine, the program proceeds to the Opti-
mization Routine and optimizes for the unspecified parameters (solid line,



















GENERAL PROGRAM FLOW DIAGRAM
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Evaluation Routine for information needed in the optimization procedure.
At its completion, the Optimization Routine prints the optimum propeller
parameters as well as the aircraft performance with this propeller.
The next step in the procedure, regardless of the mode of operation,
is evaluation of the output by the operator. At this point the operator
may either terminate the program or he may return to the Input Routine
and change any of the information that he has previously supplied. The
usual action would probably be to change the constraints imposed on the
aircraft or the propeller, or to change the priority given to any parti-
cular portion of the aircraft's mission.
Be INPUT ROUTINE
The Input Routine, Fig. 2, consists of seven input steps:
1. Aircraft data
2. Engine data
3. Aircraft environment and anticipated performance
4. Aircraft performance constraints
5. Propeller parameter constraints
6. Optimization criteria
7» End of routine (begin evaluation or optimization)
Each of the first six steps requires the operator to furnish data to
the program by typing it into his terminal. Step 7 is only a reference
point within the routine so that the operator can refer to the end of
the routine by calling for Step 7. The broken lines without arrows in
Fig. 2 indicate that the operator may skip from one step to another,
either forward or backward, within the Input Routine. For instance,
Step 4 and Step 6 are not required if the program is to operate in the
evaluation mode, so these steps may be omitted altogether.
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INPUT ROUTINE FLOW DIAGRAM
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In each of the first six steps, PROPOP asks the operator for informa-
tion required by the program. The operator then types these data into his
console. At the end of each step, all the data supplied by the operator
are printed on the terminal so that the operator may check it for ac-
curacy. Should any data be incorrect, the operator simply returns to the
beginning of that step and begins again to answer the questions asked by
the program, typing in the correct data.
The information called for by each step in the Input Routine is as
follows:
1. Step 1 (Aircraft Data )
a. Design gross weight (lbs.)
b. Wing area (sq. ft.)
c. Number of engines
d. Aspect ratio
e. Parasitic drag coefficient (takeoff configuration)
f. Parasitic drag coefficient (cruise configuration)
g. Wing efficiency factor (e)
h. Fuel capacity (lbs.)
i. Takeoff speed (kts. TAS)
2. Step 2 (Engine Data )
Engine data required by this step are determined by whether
the aircraft uses reciprocating or turbine engines.
a. Type of Engine (Reciprocating or Turbine)
b. Reciprocating Engine
(1) Takeoff brake horsepower
(2) Engine RPM during takeoff
(3) Brake horsepower during climb
16

(4) Engine RPM during climb
(5) Brake horsepower during cruise
(6) Engine RPM during cruise
(7) Brake horsepower at maximum aircraft speed
(8) Engine RPM at maximum aircraft speed
(9) Fuel consumption (per engine) during cruise (lbs/hr)
c. Turbine Engine
(1) Engine operating RPM
(2) Shaft horsepower (per engine) at cruise altitude and
cruise power, for anticipated cruise speed and for
50 kts. above this speed
(3) Shaft horsepower (per engine) at maximum power setting
(power for takeoff and maximum speed) and at 10,000
ft. MSL
(4) Sea level shaft horsepower (per engine) for maximum
power setting at zero, 100, and 400 kts. TAS
(5) Sea level jet thrust (per engine) for maximum power
setting at zero, and 100 kts. TAS
(6) Sea level jet thrust for cruise power setting at zero
and 100 kts. TAS
(7) Fuel consumption (lbs/hr) per engine for cruise power
and altitude, at anticipated cruise speed and 50 kts.
above this speed
(8) Limiting shaft horsepower for continuous operation
All data requested for reciprocating engines should correspond to the
referenced aircraft operating conditions. For example, "cruise horse-
power" should be given for cruise RPM, cruise altitude and anticipated
cruise speed. All conditions are specified above for turbine engines.
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All engine data are for the Installed engin
. Shaft horsepower
(Item 4) for the turbine engine should be entered without regard to
maximum allowable SHP due to gear box restrictions, etc. In other words,
SHP's in Item (4) above may be greater than maximum allowable SHP in
practice. This is necessary because of the interpolation process employed
by the program. However, SHP's greater than the maximum allowable SHP are
not actually used in calculating aircraft performance.
3. Step 3 (Aircraft Environment and Anticipated Performance
a. Takeoff altitude
b« Cruise altitude
c« Altitude for maximum speed calculations
d« Anticipated speed for best climb rate (TAS)
e, Anticipated cruise speed (kts. TAS)
f. Anticipated maximum speed (kts. TAS)
The altitudes specified above are those at which aircraft
performance is calculated and are reference altitudes for much of the
engine data requested in Step 2. The anticipated speeds are again refer-
ence points for engine data, but are also starting points for the itera-
tive process employed by the computer to calculate aircraft performance.
4. Step 4 (Aircraft Performance Constraints )
This step is required only for optimization of a propeller, not
for simple evaluation of a given propeller.
a. Maximum allowable takeoff distance (ft)
b. Lowest allowable maximum climb rate (ft/min)
c. Minimum allowable range at cruise conditions (n. mi.)
d. Minimum allowable endurance at cruise conditions (hrs)
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e. Minimum allowable cruise speed (kts. TAS)
f. Lowest allowable maximum speed (kts. TAS)
5. Step 5 (Propeller Constraints )
a, Maximum blade diameter for structural or ground clearance
(ft)
be Number of blades (2, 3, or 4)
c. Gear ratio (engine RPM/prop RPM)
d„ Blade diameter (ft)
e. Activity factor (80-220 except for 2 blades, then 80-120)
£.. Integrated lift coefficient (.15-. 7 or .3-. 7 for 2 blades)
Although this step is required for both the evaluation
and the optimizatio n mode of PROPOP, only the first item (maximum blade
diameter) must be specified. Any or all of the other items may be left
open to optimization by typing zero (0.) after the request for that parti-
cular item. If any of these items is left unspecified in this manner, the
program automatically operates in the optimization mode. Should all the
items be specified, the program operates in the evaluation mode. The
limits of the data currently available to the program are indicated above.
6. Step 6 (Optimization Criteria )
This step is required only for the optimization mode.
a t Value of importance of short takeoff distance
b< Value of importance of climb rate
e. Value of importance of range
d t Value of importance of endurance
e, Value of importance of cruise speed
ft Value of importance of maximum speed
"Values of Importance" are numbers from zero to ten indicating the
19

relative value of a particular aircraft performance characteristic to
the overall aircraft mission. The absolute value of these numbers is
not critical, only the relative values. Where more than one performance
characteristic is given a non-zero value, the Optimization Routine stresses
the characteristics in the order of their values, the highest value re-
ceiving highest priority.
The "Starting Point Routine" (Fig. 3) is designed for use in the
optimization mode of PROPOP. Its purpose is to make an intelligent guess
at the optimum propeller configuration before the actual optimization pro-
cedure begins. This is necessary for three reasons. First, the Optimiza-
tion Routine must begin somewhere and the closer it begins to the final
optimum the better. Secondly, the procedure must start within the range
of propeller data available. The optimization procedure itself forces
the propeller to lie within the range of data after the procedure begins.
The third, and probably most important reason, is that the first propeller
configuration chosen should be one with which the aircraft can fly. For
example, it is difficult for the program to determine which propeller
parameter to change for an improvement in cruise speed if the aircraft
cannot even takeoff with the starting propeller. In such a case PROPOP
attempts to optimize climb rate in order to find a propeller with which
the aircraft will fly. This procedure is, however, subject to possible
failure.
The basis of the Starting Point Routine is the Aeroproducts Prelimin-
ary Propeller Selection Chart, a generalized copy of which is shown in
Fig. 4. The data in this chart are included in PROPOP and have the ef-




















































Explanation of terms in Fig. 3:
BHP - brake/shaft horsepower; horsepower specified for maximum
velocity for reciprocating engine, maximum continuous
horsepower for turbine engine
ALT - altitude at which maximum aircraft speed is to be
evaluated
RPM - engine RPM at maximum aircraft velocity
B - number of propeller blades per engine
AF - blade activity factor
D - blade diameter
CLI - blade integrated lift coefficient
GR - gear ratio (engine RPM/prop RPM)
2
EPA - effective propeller area (B x AF x D ) from Fig. 4.
DMAX- maximum allowable propeller diameter
J - advance ratio (v/nd)
where:
v = TAS, ft/sec
n = propeller RPS
D Propeller diameter, ft.
C. OPTIMIZATION ROUTINE
The optimization procedure is based on a pattern search technique
developed by Hooke and Jeeves [Ref. 4, 5]. The subroutine DIRECT, in-
corporated into the IBM System/360 Subroutine Library in 1966 was used
as the basic optimizer. It is this procedure which is outlined in Figs.
5 and 6. This subroutine is, however, an unconstrained minimization pro-
gram. For this reason the routine had to be heavily modified so that it
































EXPLORATORY STEP OF OPTIMIZATION ROUTINE.
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Basically, pattern search is a numerical trial-and-error procedure
closely akin to the better known "gradient search" methods [Ref. 6). A
fundamental difference, however, is that pattern search, unlike gradient
methods, does not attempt to follow the path of steepest descent to the
minimum of the function value. It is this very property which often foils
gradient methods when they encounter a "ridge" or "steep valley" in the
objective function. The pattern search begins by exploring the region of
the starting (base) point by incrementing each variable separately in
search of a function value which is better (lower in this case) than the
base point (Fig. 6). After having explored in all the separate variable
directions, the program will have normally found a better function value
than the base point value. It then assumes that further decreases in the
function value may be made in this same direction from the base point
(Fig. 5). The program has now established a "pattern" and will continue
to make pattern moves in this direction until a move fails to produce an
improvement. At this point another exploratory sequence is performed and
the procedure begins again. If all exploratory steps also fail to pro-
duce an improvement, the step size is decreased to increase the defini-
tion of the functional surface. The program terminates when the step
size falls below a prescribed value.
Modification of this subroutine included built-in "stops" to insure
that the search procedure does not leave the bounds of the available data.
Other modifications allowed the operator to specify any of the variables
so that the search procedure does not change these variables. The speci-
fied variables are known as equality constraints because they are always
equal to a set value. Constraints which specify a range or a limit of
26

acceptable values of the variables, such as the data limits, are known
as inequality constraints.
Another set of important inequality constraints are the aircraft
performance constraints. These constraints were accomplished by modi-
fications of the Performance Evaluation Routine rather than the opti-
mization procedure itself. If at any time the propeller variables being
tested by the Optimization Routine result in aircraft performance which
is unacceptable by the operator's prescribed standards, a false function
value is assigned for that trial. This false function value is designed
so that it decreases very rapidly as the •'boundary of acceptance" of the
aircraft performance is approached.
In order to understand the operation of this technique more clearly,
it is necessary to have an explanation of the way in which a functional
value of aircraft performance is derived. The technique employed by
PROPOP is as follows. For a given propeller configuration the performance
of the aircraft is evaluated by the Evaluation Routine. A functional
value (which has been derived by the author) is then assigned. This
value has the form:






F is the functional value
i is an index denoting one of the performance criteria (takeoff
distance, maximum speed, etc.)
(VOI) is the value of importance assigned by the operator to the i
performance criterion
("h
P. is a normalized measure of the i performance criterion which
always decreases as the i performance criterion improves
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(P. is of order 1)
N is simply an indicator which equals zero if the i criterion
is acceptable and equals one if the i criterion is unaccept-
able
' th
P is another measure of the i performance criterion which de-
th /
creases as the i criterion improves, but P is of order 100
or greater.
The Optimization Routine seoks to reduce the value of F, so as long as
each performance criterion meets the constraints imposed by the operator,
the routine attempts to decrease the value of P. and consequently im-
prove the i performance criterion. Because all P. are of order one,
a high value of (VOI)
.
gives more weight to the i criterion in the
overall function. However, if one or more of the constraints is not
/
satisfied, then N equals one, which allows P. to dominate the other terms
of the function. The optimizer immediately goes to work on improving the
f"Vi
i criterion until the boundary of acceptance is crossed, at which time
the routine continues to optimize the P values giving preference to
higher values of importance.
Five variables are recognized by the Optimization Routine. These
are:
1. Number of blades
2. Gear ratio (engine RPM/prop RPM)
3. Propeller diameter
4. Blade activity factor
5. Blade integrated lift coefficient
Of these five, the first is a discrete variable, while the other four are
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continuous variables. In other words, there can be only an integer
number of blades, but the other variables may take on fractional values.
Discrete variables present a problem for numerical optimization
routines. There are two widely used methods of treating this problem.
Probably the most obvious method is to search for a local optimum with
each possible value of the discrete variable, separately, finally choosing
that value for which the best local optimum is found. The second is to
treat the discrete variable as a continuous variable, allowing it to
have fractional values, and then rounding off to the nearest integer
value.
Both methods have advantages and disadvantages. The first approach
would obviously be very time consuming if the discrete variable had many
possible values. However, it would eventually find the correct optimum.
The second method would be faster, but the rounding off procedure could
easily be fooled. In practice, with a large range of possible values
for the discrete variable, a combination of the two methods may be used.
The continuous variable approach could be employed to narrow the choice
to a few values of the variable, each of which could then be searched
separately.
In the propeller optimization problem, data were available only for
2, 3, and 4-blade propellers, so there are only three possible values of
the discrete variable. The individual search approach was therefore
employed in the Optimization Routine. Figure 7 outlines this procedure.
Unless the number of blades is specified by the operator, the routine
first conducts a search with a 4-blade propeller, followed by a 3-blade



































SEARCH PROCEDURE FOR NUMBER OF BLADES
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search procedure ends, assuming that a 2-blade propeller would result
in a still more inferior performance. However, should the 3-blade pro-
peller outperform the 4-blade prop, then a 2-blade search is conducted.
D. PERFORMANCE EVALUATION ROUTINE
The purpose of the Performance Evaluation Routine is to calculate
aircraft performance for a given propeller configuration. This is ac-
complished by use of propeller performance maps found in Ref. 7. These
charts give static thrust data and efficiency data for propellers of
varying number of blades, activity factor, and integrated lift coeffi-
cient. These charts were reduced to data points and are fed into the
program on punched cards.
According to Hamilton Standard Division of United Aircraft, the
authors of Ref. 7, these data were derived semi-empirically : partially
by wind tunnel data and partially by computer computation using a modi-
fied vortex theory originally developed by Goldstein in 1929. The
technique employed by the PROPOP routine is to reproduce these perform-
ance charts by Lagrangian non-linear interpolr. lion of second order. It
was found that when each efficiency map was reduced to 42 data points,
the accuracy with which this technique could reproduce the full chart
was normally within 1%. This was considered quite adequate, as the data
are assumed only to be accurate to within 1 - 2%.
Another approach to this calculation might have been to start with
vortex theory and let the computer compute the efficiencies just as
Hamilton Standard has done. In this way the program would not have been
limited to the range of data presented in the charts. However, since
data were already available covering a rather substantial range, the
31

added complexity of the program and the additional computer time which
would be required to recalculate this information were considered too
great a burden to endure for the amount of aesthetic satisfaction which
might have been obtained.
Corrections for compressibility and nacelle blocking effects are
presented in graphical form in supplements to Ref. 7. These charts were
reduced to data points in the same manner as the efficiency charts and
were incorporated into the PROPOP data bank. The accuracy of these cor-
rections is somewhat less than the accuracy of the original data, but
they are useful in determining trends. The general operation of the
Evaluation Routine is outlined in Fig. 8.
Turbine engines present a problem when it is necessary to calculate
their performance under a wide range of operating conditions. In a pro-
gram such as this, it was considered important to reduce the amount of
data required of the operator to a minimum. It was therefore necessary
to make assumptions on the variation of engine performance with power
setting, altitude, and velocity. The assumptions made are as follows:
1. Shaft horsepower at a given power setting is assumed to
vary linearly with altitude and non-linearly (second-order) with velocity,
2. Jet thrust at a given power setting is assumed to be con-
stant with altitude, and to vary linearly with velocity.
3. Fuel consumption at cruise power and altitude is assumed
to vary linearly with velocity.
4. Constant engine RPM and constant gear ratio.
5« Takeoff, maximum speed, and climb rate are calculated at
same power setting ("maximum power").
6. Range, endurance, and cruise speed are calculated at




























































AIRCRAFT PERFORMANCE EVALUATION ROUTINE
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With the above assumptions and the data furnished to the program by
the operator, engine performance is calculated at all necessary operating
conditions.




where: w_ = aircraft parasitic drag coefficient in takeoff configurationUp
Cn " induced drag coefficientD
i
( 2 ) C= cVnARe
where: AR = wing aspect ratio
6 = wing planform efficiency factor
C. - aircraft lift coefficient
V /





where: 11 = static thrust (zero velocity)
= thrust at liftoff
LO
V ~ instantaneous velocity (TAS)




Thrust is assumed to vary parabolically with velocity during takeoff
run.
b. Calculations
acceleration = a = F/M summation of forces/aircraft mass
F = thrust - friction drag - aerodynamic drag
Drag = D =/i.[W~ L]+^ V*S [Cp + CL ]
IIar e
where: LL = coefficient of friction between runway and wheels
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W ** takeoff weight of aircraft
L = aircraft lift
O = air density





In order to find the optimum C for minimum drag:
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(3) no runway slope
(4) standard temperature
(5) q- - exp (-altitude/28900)
This procedure is explained in greater detail in Ref. 8.
Takeoff distance can vary greatly with pilot technique, temperature,
etc., but this is of little concern to the optimization of a propeller.
In general, a good takeoff propeller under the assumed conditions would
also be a relatively good takeoff propeller under other conditions.
Relative performance of one propeller configuration to another is the
important factor.
2. Calculation of Endurance and Range
a. Endurance
Endurance is calculated at cruise speed, cruise
power and altitude on the basis of a 45 minute reserve.
Endurance = (fuel capacity /fuel consumption) -45 minutes.
Fuel consumption is assumed constant.
b. Range
Range is also calculated at cruise speed,
cruise power and altitude on the basis of a 45 minute reserve.
Range Endurance x V° ave
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/\V = cruise velocity with empty fuel tanks minus cruise
velocity with full fuel (V )
cr
£±\J is estimated as follows:
TV = DV_ _^ w - ^VAIL .55
^VAIL 550 55 D
where: v>.
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tat endurance
*AW/At c fuel consumption rate





WGR0S~s"2~WFUEL = aVerage Weight
Accounting for increased velocity due to loss of fuel weight typically
increases range by 2-3%.
Range and endurance are calculated at cruise speed and conditions
for several reasons. If given conditions were not specified, these
performance characteristics would have to be determined by an iterative
process of varying the engine power setting to determine the best setting
and the corresponding aircraft velocity for best endurance. Such a pro-
cess, although conceptually straight forward, would require more data
than are presently required by the Input Routine. For instance, engine
fuel consumption would have to be known throughout the entire range of
engine operation. The iteration process would also require extensive
computational time. In fact, such a procedure would probably double the
time required by the entire Evaluation Routine. These penalties were
considered too great to justify the computation.
3. Calculation of Maximum Velocity and Cruise Velocity
Calculation of maximum aircraft velocity and cruise veloc-
ity are essentially identical and the computational procedure is outlined
in Fig. 9. Basically the procedure involves locating the intersection of
the power available curve and the power required curve (both vs. velocity)
by iterating velocity [Ref. 8).
The symbols in Fig. 9 are as follows:
A •* step size or velocity increment
N1,N2 - indicators which serve as cues for the routine to
branch in the proper direction at certain points
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velocity step size was set at .5%. of the anticipated climb velocity, so
this is the accuracy of the resulting climb velocity. However, at the
maximum climb speed, excess thrust horsepower normally varies very slowly,
so the accuracy of the actual rate of climb calculation should be much
better than .5% given perfect information.
The symbols used in Fig. 10 are as follows:
A - step size (.005 times anticipated climb speed)
N I - indicator which serves as cue for a switching point in
the routine
V - velocity of aircraft used in calculating excess thrust
horsepower (TAS)
AHP,AHP - excess thrust horsepower at two consecutive velocity
trials
HP - required thrust horsepower for level flight under given
R
conditions
HP - available thrust horsepower at given conditions
A
Wgross - aircraft gross weight










(HPr) 8 AVAILABLE HORSEPOWER (HPa)
Ahp2 = Ahp,
A HP, = HPA -HPR
N I =NI+ I
V=V + A-V















A. OPTIMIZATION OF PROPELLERS FOR GIVEN AIRCRAFT
The first step in optimization of a propeller by use of PROPOP is
the gathering of the required data, as listed in Section II B, on the
aircraft, engines, and operational requirements. It is important that
all engine horsepower (and jet thrust, if turbine powered) information
used is installed engine data. Specifications as to operating conditions
of the engine must be followed exactly or erroneous calculations will re-
sult.
One of the features of PROPOP is that the horsepower limit specified
by the operator is automatically imposed on turbine engines. It is there-
fore unnecessary (and undesirable) for the operator to impose this limit
on the horsepower data typed into the program (see Section II B.2.C.).
PROPOP recreates engine power curves by fitting given data points with
either second order curves or straight lines. These curves could be
drastically altered if the operator imposed such artificial constraints
on the data c It may be necessary, therefore, to extrapolate engine power
curves into regions where the engines do not actually operate in order
to provide the program with smoothly varying curves by which trends may
be calculated.
Steps 1, 2, and 3 of the Input Routine are required for operation of
PROPOP in the optimization mode. Step 4 (Aircraft Performance Constraints)
may be omitted altogether. In such a case no constraints are imposed on
the aircraft performance. Should the operator desire to specify some,
but not all the performance constraints, he may indicate those to be left
unspecified by assigning the value zero (0.) to those constraints.
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Step 5 (Propeller Constraints) is required, however any constraint,
except "maximum blade diameter," may be left unspecified by assigning a
value of zero (0.) to that constraint. The range of data acceptable for
this step is given in Section II B.5.
Step 6 (Optimization Criteria) is required in the optimization mode.
In this step the operator specifies the aircraft performance character-
istics for which he requires an optimum propeller. He may specify one or
more of these characteristics (Section II B.6) by assigning "values of
importance" from zero to ten. The highest values of importance receive
the highest priority in the Optimization Routine. It has been found that
the best technique for assigning these values of importance is to specify
only one, giving zero (0.) as the value of the others. An attempt has
been made to insure that the resulting aircraft performance closely re-
flects the relative values of importance assigned by the operator (in the
case of several specified values of importance), however this is not always
the case. The operator should specify only one characteristic, such as
cruise performance, for the first trial. If the resulting propeller con-
figuration gives other performance characteristics which the operator
considers undesirable (such as large takeoff distance), then he may re-
turn to the Input Routine (Step 4) and specify a maximum allowable take-
off distance or other constraint.
After much testing of PR0P0P it was found that most of the objective
functions which must be optimized exhibit a "broad bottom" phenomenon.
This means that in the region of the desired minimum fairly large changes
in the variables may result in very small changes in the function being
optimized. As a result of this situation there are many combinations of
propeller configuration variables which yield nearly the same value for
44

Step 5 (Propeller Constraints) is required, however any constraint,
except "maximum blade diameter," may be left unspecified by assigning a
value of zero (0.) to that constraint. The range of data acceptable for
this step is given in Section II B.5.
Step 6 (Optimization Criteria) is required in the optimization mode.
In this step the operator specifies the aircraft performance character-
istics for which he requires an optimum propeller. He may specify one or
more of these characteristics (Section II B.6) by assigning "values of
importance" from zero to ten. The highest values of importance receive
the highest priority in the Optimization Routine. It has been found that
the best technique for assigning these values of importance is to specify
only one, giving zero (0.) as the value of the others. An attempt has
been made to insure that the resulting aircraft performance closely re-
flects the relative values of importance assigned by the operator (in the
case of several specified values of importance), however this is not always
the case. The operator should specify only one characteristic, such as
cruise performance, for the first trial. If the resulting propeller con-
figuration gives other performance characteristics which the operator
considers undesirable (such as large takeoff distance), then he may re-
turn to the Input Routine (Step 4) and specify a maximum allowable take-
off distance or other constraint.
After much testing of PROPOP it was found that most of the objective
functions which must be optimized exhibit a "broad bottom" phenomenon.
This means that in the region of the desired minimum fairly large changes
in the variables may result in very small changes in the function being
optimized. As a result of this situation there are many combinations of
propeller configuration variables which yield nearly the same value for
44

a particular aircraft performance characteristic. However the perfor-
mance characteristics not considered in the optimization may vary greatly
with each configuration. For example, two different combinations of gear
ratio, diameter, and activity factor may yield the same optimum cruise
speed, but takeoff distance for one combination of these variables may
be twice that for the other configuration.
Due to "noise" in the data, this broad bottom phenomenon may cause
problems of apparent multiraodality , or multiple optima. The operator may
be surprised and somewhat disillusioned if he optimizes twice for the same
performance characteristic and PROPOP gives two very different propeller
configurations. However it should make no difference which configuration
the operator chooses, since they both provide the same performance. This
problem may be greatly reduced by specifying constraints on several per-
formance characteristics, as mentioned above, while optimizing for a
single characteristic.
The PROPOP output permits the operator to follow the program's pro-
gress through the optimization procedure. After completing the search
for a particular number of blades, PROPOP gives the number of function
evaluations performed. This is the number of trial solutions attempted
in the search. Five hundred (500) solutions are the maximum permitted.
If 500 function evaluations are performed, PROPOP gives zero (0.) for
the value of this number. This is an indication to the operator that
an optimum solution has not been reached, and if more accuracy is desired
the limiting number of evaluations must be raised above 500. This may be
done simply by changing the next to last calling argument in the "CALL
DIRECT" statement, which is statement number 15, near the end of the
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INPUT SUBROUTINE (Appendix A). However, such a problem is highly un-
likely, as the use of more than 200 evaluations is a very rare occur-
rence. More information on the optimization subroutine (DIRECT) may
be found in the comments preceeding that subroutine (Appendix A).
For the direct search optimization procedure (Section II C.)> best
results were found by starting with a rather large step size and de-
creasing it slowly until the desired accuracy was obtained. Consequently,
the beginning normalized step size (DELCAP) was set at .816. The step
length is decreased to one fourth of its current value (RHO = .25) when-
ever finer resolution is required. The minimum step size used is .0127.
This value has proven to be sufficiently small, and further reduction
rarely changes the results of the search. However, should the operator
so desire, any of the above values may be changed by consulting the
comment section of SUBROUTINE DIRECT and then altering the calling argu-
ments in the "CALL DIRECT" statement previously mentioned. DELCAP is
changed by altering statement 8 in SUBROUTINE INPUT. The current values
of these arguments are printed in the PR0P0P output before each search.
DIRECT operates by assigning the same step size to all variables.
This is obviously a disadvantage when the variables have vastly differ-
ent ranges, such as zero to infinity, and .15 to .7. Consequently, it
was arranged that DIRECT would deal only with normalized variables rather
than the actual ones. The actual variable values are therefore divided
by an assigned step size before being used by DIRECT. The step sizes
assigned are as follows:
diameter ....1 ft. (actual value of variable)
i
gear ratio 5 (CSTG)
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activity factor ... 90 (CSTA)
integrated C_ 1 (CSTI)
Li
So the beginning step size for activity factor, for example, is 73.4
(or .816 x 90). In selecting these step sizes, an attempt was made to
have the contours of the objective function be as nearly circular as
possible near the optimum. In other words a change of one step size in
any of the variables should have approximately the same effect on the
propeller performance. Such a condition makes optimization more effi-
cient. These step sizes, except that for diameter, may be altered
by
the operator by changing the values of CSTG, CSTA, or CSTI which are
found near the beginning of PROPOP (Appendix A)
.
Much effort has been placed on restraining the optimization search
to the limits of the data available to PROPOP. This is a relatively
simple task for variables such as activity factor and integrated lift
coefficient because of the well defined limits to these variables in
the
data. It is very much more difficult, however, for power
coefficient
(C ) and advance ratio (J). The difficulties arise for
several reasons.
P
Power coefficient, for example, has no well defined limits in
the data;
the limits being different for each chart in Ref. 7. Another
problem
is that the search procedure does not actually fix Cp
or J. Instead it
sets other propeller parameters and later calculates Cp
and J while
determining aircraft performance. By that time errors may already
have occurred. Because of these complexities, no attempt
was made to
constrain C . Advance ratio, J, is constrained rather crudely
to an
P
upper limit of three (3). The value of J is computed
(V/ND) assuming a
velocity which is the anticipated maximum velocity specified
by the oper-




ratio, to change propeller RPM (N) , or diameter (D) , so that J equals
three. If the actual maximum velocity is greater than that assumed by
the operator, however, J will still lie outside the available data. A
small overshoot in C or J is usually not fatal, as the extrapolation
employed by PROPOP is usually fairly accurate close to the data limits.
Large overshoots, however, can be disasterous, yielding highly inaccurate
results (possibly efficiencies less than zero or greater than 100%).
If the value of J corresponding to maximum speed should be very
close to three after an optimization, there is a good possibility that
the propeller diameter or gear ratio have been altered during the pro-
cedure to restrain the search to the data limits. In this situation it
is sometimes possible to obtain a better optimum by increasing the assumed
maximum speed (and changing the appropriate corresponding engine data)
at the risk of overshooting the bounds of the data.
Due to the process employed in imposing limits on propeller diameter,
activity factor and integrated C. , PROPOP occasionally gives an optimum
J-i
propeller with one or more of the parameters very close (well within one
initial step size) to its limiting value. In such a case, a slightly
better optimum may sometimes be found by constraining that parameter to
its limiting value. The operator should not be too surprised, however,
if the results of this maneuver yield a propeller with the other variables
radically changed from those of the first "optimum" propeller due to the
multimodal phenomenon discussed previously in this section. In any case
the aircraft performance should not vary more than one percent.
Output provided by PROPOP includes the following information on air-





b. Static Power Coefficient
c. Static Thrust Coefficient/Power Coefficient (Cm/C )T p
d. Propeller efficiency at liftoff
e. Blade angle (.75R) at zero velocity
f. Power coefficient at liftoff (CP)
g. Advance ratio at liftoff (J)
h. Effective Mach number at liftoff (M(EFF))
i. Compressibility correction applied to prop efficiency
(FT)
j. Blocking correction applied to prop efficiency (FB)
k. Brake/shaft horsepower at liftoff (BHP)
1. Jet thrust (turbine) (TJET)
2. Maximum Speed
a. Maximum speed
b. Blade angle (.75R)
c. Prop efficiency
d. Power coefficient (CP)
e. Advance ratio (J)
f. Effective Mach number (M(EFF))
g. Compressibility correction applied to prop efficiency
(FT)
h. Blocking correction applied to prop efficiency (FB)
i. Brake/shaft horsepower (BHP)
j. Jet thrust (turbine) (TJET)
3. Cruise
a. Cruise speed







a. Maximum rate of climb
b. Climb speed
c. Same values as b.-j. for maximum speed
Effective Mach number is the aircraft Mach number corrected by
a factor involving blade integrated C . Effective Mach number, compressi-
bility corrections (FT), and blocking corrections (FB) are explained in
supplements to Ref. 7. Listed values of prop efficiency are for correc -
tions already applied . The blocking corrections are six percent below
those given in supplements to Ref. 7 to account for interference and
slipstream effects not included in the propeller efficiency data. This
additional factor was suggested by Lockheed California Company [Ref. 9].
For takeoff performance, where ground effect is present, this additional
blocking factor is omitted and only that factor given in supplements to
Ref. 7 is applied.
B. EVALUATION OF A GIVEN PROPELLER CONFIGURATION
As explained in Section II B. , PROPOP may be operated in the evalua -
tion mode by specifying all blade parameters in Step 5 of the Input
Routine. Again, as in the optimization mode, Steps 1, 2, 3, and 5 are
required. However, Steps 4 and 6 are omitted.
Output data on aircraft performance is identical with that des-
cribed in part A of this section for operation in the optimization mode,




IV. EXAMPLE PROBLEM: LOCKHEED P-3C
The Lockheed P-3C aircraft was chosen as the test case for the
PROPOP system. Choice of this aircraft was based on its use by the Navy
and availability of data on the aircraft and propellers.
A e EVALUATION
As nearly as could be determined from information provided by the
propeller and aircraft manufacturers, the P-3 propeller was optimized for
a low power cruise (about 607, NRP) at an altitude of 15,000 feet, and at
a speed of 325 kts. (TAS). It appears, however, that the aircraft will
not fly at these conditions at full gross weight (135,000 lbs.). There-
fore, a reduced weight of 105,000 pounds was used in calculations of
cruise performance. Even at its empty weight of 66,211 pounds, the air-
craft will not attain 325 kts. It therefore seems possible that the
propellers were designed for conditions at which the aircraft cannot
operate.
Data used in the P-3 performance evaluation is given in Table I.
PROPOP calculates takeoff distance, maximum speed, and rate of climb at
the same power setting ("maximum power"). It was therefore necessary to
conduct two evaluations. Takeoff distance was calculated using takeoff
power (1970°F T.I.T.), while maximum speed and climb rate were calculated
at military power (1920°F T.I.T.). A third evaluation was necessary for
cruise speed, range and endurance, inasmuch as a reduced gross weight was
employed.
It may be noted in Table I that several of the shaft horsepower
figures are considerably above the 4500 SHP gearbox limit. This necessity



















SHP (assumed cruise power,
altitude, and speed)
SHP (assumed cruise power,
altitude, and speed + 50 kts.)
SHP (max. power, 10,000 ft. MSL,
assumed max. speed)
S.L. SHP (max. pwr. , kts.)
S.L. SHP (" " ,100 kts.)
S.L. SHP (»' " ,400 kts.)
S.L. Jet Thrust (max. pwr., kts.)
( M " ,100 kts.)
" " " (cruise " , kts.)
M II II /II II
,100 kts.)
Fuel Flow (assumed cruise power,
altitude, and speed)
Fuel Flow (assumed cruise power,
altitude, and speed + 50 kts.)
Limiting SHP
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1861 J @ 25°C
4453 (T.O. @ 4637)
4305 (T.O. @ 4527)
4486 (T.O. @ 4712)
5560 (T.O. @ 5790)
627 (T.O. @ 639) lbs.



















Results of this performance evaluation and comparison with avail-
able flight test data are presented in Table II. Good correlation was
obtained between the predicted and the flight test values. The largest
error was obtained in takeoff distance (about 4%) . The predicted value
may be slightly conservative, but considering the many variables con-
trolled by the pilot during takeoff, this is not thought to be a signi-
ficant error.
TABLE II
COMPARISON OF FLIGHT TEST DATA AND PREDICTED
PERFORMANCE OF P-3C AIRCRAFT
PERFORMANCE FLIGHT TEST PREDICTION
Takeoff Distance 4300 ft. 4459 ft.
Maximum Speed 386 kts. 388 kts.
Cruise Speed * 287 kts.
Range * 1742 n. mi.
Endurance * 5.9 hrs.
Rate of Climb 2010 fpm. 2086 fpm.
Flight test data not available for chosen conditions.
i
B. OPTIMIZATION OF P-3 PROPELLER
As an example, the P-3 propeller was optimized for the low power
cruise discussed in part A of this section. It was assumed that the
gear ratio (13.54:1) was determined by the engine manufacturer and was
therefore constrained. The maximum allowable propeller diameter for
structural clearance of the P-3C is 13.5 feet. Takeoff distance was
constrained to under 2500 feet at a gross weight of 105,000 pounds.
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A sample computer printout of the input sequence and the PROPOP out-
put is found in Appendix B. The optimum propeller characteristics may
be compared with the P-3 propeller [Ref. 10] in Table III. They vary
only slightly, however the performance of the optimum propeller exceeds
that predicted for the operational P-3 propeller in every respect. The
performance comparison is given in Table IV.
TABLE III
COMPARISON OF OPERATIONAL P-3C PF.OPELLER













**Maximum diameter for structural clearance
***Upper limit of data available
TABLE IV
PREDICTED PERFORMANCE COMPARISON BETWEEN
OPERATIONAL P-3 PROPELLER AND SAMPLE OPTIMUM
PERFORMANCE P-3 OPTIMUM
Takeoff 4459 ft. 3875 ft.
Maximum speed 388 kts. 389 kts.
Cruise speed 287 kts. 290 kts.
Range 1742 n. mi. 1853 n. mi.*
Endurance 5.9 hrs. 6.2 hrs.*
Climb 2086 fpm. 2202 fpm.
Based on 29,370 pounds of fuel. (105,000 pounds gross weight)
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V. EVALUATION OF PROJECT SUCCESS
It is felt that the original objectives as previously stated have
been realized successfully. A practical, relatively easy-to-use com-
puter program has been developed for use of empirical data in the pro-
cess of optimum propeller selection. PROPOP has been shown to predict
aircraft performance with acceptable accuracy and to improve on existing
hardware design.
Time required from collected data to final propeller selection has
been reduced from the sixteen man-hours necessary with a manual system
to one half man-hours using PROPOP. A 97% reduction in required time
with acceptable accuracy is considered sufficient incentive for further
investigation into the feasibility of this system.
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VI, PROBLEMS ENCOUNTERED AND AREAS FOR FUTURE RESEARCH
Several problems were encountered In the development of the PROPOP
system which, although apparently solved, may cause future difficulties.
One such area is the constraint procedure employed during optimization,
especially concerning C and J as discussed in Section III A.
Further improvements could be made in the prediction of turbine
engine performance. It appears possible that excessive data are presently
required and the resulting predictions are not as accurate as might be
hoped. Some simple functional relations for performance versus throttle
setting, altitude, and velocity would be highly desirable.
More flexibility and a more sophisticated calculation of range and
endurance would also be desirable. At present these characteristics are
calculated rather crudely at cruise conditions.
The optimization procedure could also bear much more work. A
system by which final aircraft performance relates more closely to assigned
"values of importance" would be a significant improvement. The pattern-
search algorithm upon which the optimization depends should be more
thoroughly investigated to determine if another algorithm might be prefer-
able for the propeller optimization problem.
The "broad bottom" phenomenon observed, which often leads to multi-
ple optima, should be investigated further. The possibility exists of
rescaling the variables in an attempt to alleviate this problem. Other
approaches might also be considered.
The determination of the optimum relationship between the propeller
variables for producing near-circular contours near the optimum is an
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area which might be considered. The optimum initial step length and the
best rate of reducing this length could also lead to improvements in
program efficiency.
If accurate theoretical methods of predicting propeller performance
could be substituted for the empirical data and interpolation procedure
employed by PROPOP, there exists the possibility of much improvement.
Data could be eliminated, accuracy might be improved, and available data
limitations could be removed which would eliminate many of the constraint
troubles. Such a substitution might even solve the multiple-optima
problem.
PROPOP in its present form is really only a beginning, with vast
room for improvement. For instance, there seems to be no reason why a



















a a.a o- a









































fhl- ZH C0_JZI/1 •- »-_j
«— l/-;<l Lihw.^ Z0.5"2.0—
t^-O ZOCh> .4-5 U-h-Si
». •*->>o>o »-muj »-a •-«-'
it*—i— an- t->-»occ_jUJ-»ijL
•r^cox ou.h-»- r-o »-r^o
*4" W-O0D5I |—<fVa X<IO—'CCa •• »->i/j •»~x<ti-<>o<
<4-OLba<iocD>cc5:u-iu-a:>Oh-
•ZaO * »-Z<3: »-> »-_JCbOUJCQ
<f »->-i— a»-< *h-C\l OOZ) »-CDU-
w^j-Luo-joujoorrj— m/)«-» >
<rroz-}>o ho^ou-stcd-?
t_ §_< •~ouuao_i<i •• »-a>
UJlf((/> ••u-dcoizuu-^u •»
it) M— a_j<Kzaiuj>Zh—^f-ccSi^UU •> < •*<*. »-UJ—o_j>
-» K_>5i>o_ja«~i +kj cca:u.-5
»^^»-a<i vxcsauu.D •>
w >or *_io *+--»-i »-<i>o< •*
>SS •- 5LCDI-.ajQlU.-30h>
n^jcx:>2:ctPixaD<> uj-j
>collo»-3 fwfflioa: n-i->aDajzoi »-cc!Z «—_j—i *
-Uli-K "hZ5 •-lUOir>aU->
r*i|— »-cd fXH *-ac\j •<! *-o •+-
-JUJ »-_J<0— X2UIU-^->UJcCJ
oou. "jus. •-uAcroos:'-' »a.D
*• tOUI-OI UZ»W1U(^
*d—l— t— _» •h/>hcmu.<t h-_JKu.
»-foauj<£ »-•-'—»a »-aOcrcD_j *•
cd «-o-? zdu.uh »-<i^2.u.>
csiif»oh acoxizauwDM
**••>». UUl-U.IDOC LL<£»—O






rouj a<uu'» ••*—Ktoo «-co>a
•+-Q-I * »-t-4(Tiz »-ujt-<<*-. • »»x
tujatoccf-o^aH »-_j5:ir»a>co
••aa •cz>mq:uwuui *02L
<- »ao +c --i •-»-»- •-«$-»- _ji-
coco hoziuz^~'aamK-i-Q<
CM OUJOUJ*-' 0sJH-O<«-'—i</)>^<r
—mz-ju. o—^ > H-< ,v>a
a kli»— »— >ro>c\j ^c>ou.<it-auj«~
o^2i -ztiZL -*^<r5T5:o>a<5: ^co
i— ••:^>o:>o<ai— »~^> ••-5ai>-o>w >
<r-z»—huu:<ujuj<w> ..vjo^o
l— •» 2;ai<£t-i2!ai~7(—a •—'Wan
WvO<(no:o •> H—aio—ir\>-»— ai
wUJOih *»^>—* "'* »-CD ••>}• »-COl/) •-vO






































» «-. MLU OZCDI-
O XZ ZOK12:LUO»-<UJ






•z. z ** >-CD mOH lu
t-i Ul • »»~^ zo
Hi LU CVJC^) LLLLLU
CD CD —0 X2 OOOLLZO
s IO -J CO HO CO(/>lU





< —«—<ta> z:_j »-t_J <<z<t
1
—





aQ<»-£UQ(M h- C^)w tua II II II IIHJOH O => a ZUJ
— */)lL.O •— O • a zx •—•!— (\ic\JOO
*-^ 0- ^ ».KU— • OlHI^Z oai KZ x>-aa
K>rsj-srw.j- 11 c\jo • • t-H H || Z U^ UJIU
<I^,-»wUI<I_J • II II II «-<:a O HHMN
SOOOH-SItOCNKHHo_ja OZD aa x>x>-
a:<«Mo:omi-i-i-joD 2T0H-0 CD<









r-eou^o i-tcvro^io^or^o-O'O"— cmokj u .
uouo uoououuououooou
oooo oooooooooooooooOOOO QODODCDOODOODOC













«i H u. H
> ox CJ X
(X or 1 UJ
UJ UIQ Uj o 2
K tvlf- z> a v. H
Z X _J UJ.~ o
»-< o <I M*- "Z
15Z > XCM UJ
or. Z»-< »"X
«i HO X ~ 1 z
-i h-z o --o UJ
UJO H + cr >
CD ¥0- X»-0 HUJ H
<i OiO jio: >r*j CD *"*
H- O.LU ouj #x o
QCli' CCZ)^ ^»««- < z
•"•>- 00 OL oox —
*
o v.
Ot£ o U-tO «——. K^ >
OT<J UJO »~ COH <lh- ^
UJU _l ujoo<: XX < h-
MK CUIU -j»- 1 1 >cc ZO
>-H <l~J cd uj hC o UJ»-'
-a •—<C0 < «-_j xa: 2UJ Hh
Oor or<t »-<OCL' — UJ UJO o<
or<r <M orcc** *M HZ H-lCd
UJ >or <XUJ«-< «-x o< UNI <T >N-0T CM^ •-•> u u :XK h-> >•< X~ u o UJO
*H z K > 1 ^ u <t oz.
(O? UJh z * H + UJ 0<3
>- oz U-'lUH XCM or. >
•«*. 21 IU O—IZ ~> OCUJ cr o
CMZ UjO ZCCU." ~* Ul-J UJ<X U-Z Ui<C "»v*~ _)_J jt
-.—
c
UIUJ O-hZ «»#». -JUI Oor
ne oa. UJQTUJ —»*-» UJU CJ-LL"
>z ZUJ 0<Q- c^ro Q-C _l
••<! mD Z>UJ XX *— cor UI_J>-
coor H O 1 1 O. cxa 2"UJO
xe U-U_ »- OCM <t a. naz
•-<: oo UL2U. orx Y- z OOUJ
CM -J OUJO IU— ii.' CDOJ 2:othh
x«-^ to I/) o r>j* •» z> uiao
#» U>UJ< -iUJZUJ x^-ro i/) MM »—
<
^ HZ Z5Z3XIDU-0 «^H> -> H-O onoou-
r-l xo _J—
1
•—JO I #x* > <I l/)t/r>U-
x-~ WHH <<(\)<UJ<' «— 1 «•• »> _iO mu'UJ
1 »H
CM>-
-^h »x>0? CMCV-* a Z2Z -j_j
»-«<i xx~« o o*r zzef.







~Z.cC roro a or UJ—O IU UJ Z*ZUJ
H-ft- UJ x> Ul U-l r*j—.X cc>-+ ujijja.
xa: UJh- • •« |sj tNj XCt-' UJ oo 5:s:o
1 +OH 2Z
CM CM X > ^X* z U-H »—1»—tQT
»-»t-i X>- w , ~ t—> U. oca
OT> »- •- •< -*a-« \— UJU-
uj ii z 13a: f-<r-l n orxz z> zuj II II II
KJOOT o< X> uiu | a: o mD
xa:D CilUJ (tMro cc H-O Q.
«-»UJt—
o
ccz UJXXKQ CD 3 c/)<t
II MUJZ
or>-or,uj











• »-»">0>i/' •mu-i »-u. —
•
ITi^K-O-l— »»>**OCDJUJ-^U.
».C<ttOX CU-M- »-0 t-h-O
^- -^O CD •%*. \— <t CM Q.x <s.o^ or
a. •• »>c^ ».-'X<i-<i>o
4-OUJQC<!OCC >c02-UjLLcCO
zau • *-zr<i ••> »-_jcciO
w-.i-ljjU-JOLLiCOtl- MX1—
<c*'2:-?>o KD^uaKi-
^_ • .(_< «-OUJQ.O_J<t •• •>
UJUM^ • U-CcOXZOLL— «4*
CD »-t-tt'_J<. <tZCCUJ>2*r-'-'
^•^uu »• *< *** »-uj«—O
** ^i>D-ICtH «-0 »-CLCC
i^^i-a<( »(/i<i;ui(xuiLO
w XX «-JO ••h-*-' <i>o
>^ •- •->. cox—.a_jcxu-~5o
-5—_ja>xct«'XO-x><>
>COLLiOh 3 •—'CDXOOT •»-aDQJZm az •-— _)
«uu.i< h-zs; --ujoiria
o^h- »-cc »-x»- t-acvi «*<r «-o
_JUJ J<fU'-xzuju ^->
CCU OUS »-U'CC005.—- •*
•- OUI-OH-*' *<JZ>>1/)
^^.1— I 1 »H^KCMUL<t •*!-—
i
•rnCLUj<iHM_JCi. »-o:oa:co
co »-0"9 "ZaauH «-<J2-
CMi^oH-orOO>ej-Zci a(/0
«^ •- UUI-li- XOOOCU-ZK^aJHS t.<cuO<U • -
(_J •'OO—^>S. • *-lL\— »—»^.
*-f-»^a-i-<i •»>—>h •"Uioi/Mr\
rc><i »ua »-h t—c^orcMcr< •"—
•—h^uaozc-uu ••U-'4>
^t/)*-' • •f-D>Ka.h-oco«— a.
ex »-<tcr—»h-o oxu ,oi->x
^—i-^o-Jcxcr »-cd-5« -ii^
<rouj a<uu* »+-H-v>o •




j- a.o »o ••-J •+-!— •* •'**"




>wlTl2"~JU -O——' •"> •"!-<
<tcx »-uji— l->n^?> rM «-ia>ul<
k o<t^ »>2:z -^<t5T5:o>a.
U.»l— "^0^0<U-H-H^ »--?UJ
<i^-z:i~i-oor<Luuj< l/,> •***
zn— - -zn±}<i.*-4 ZcCj—)'—a- "'— *
os/xj^io-^oro •+-ujo—mH
m *^UJOTH- >—•—• »"C0 ••>}* • ••
oziuor •• -\— -<'&•-* «-_i«^%j-»-4
zoa<oiZJ—25.u>-lUSU3K>DU>CDh><S>H












o> • cDwaai >
o ~z—
z.










zz»-z — y_"* zz
OUJ




-3-5 O ~ '-,'-,2 R z~~~ csjz^ I- r-Z -
i#7iii > 4.4- + I rHHHwHt-aiOU.! «ZZZHZZZ£U^ *"" ,.n+ -, MOMD 1-1






oooooo<-> ooooooooao ^m^ur-cuo <->,~i\jm>juwr cu
Z4cvrh>ju\xt>r- a.-u>tJr~«\J<vsi u^r- r r^t- t-r- r* oc?cooc coa a a 0>cu
£<r<r«*^vW ^<tfimmu-»uMnu-nn r_1r,, t^ r. lr^ l-, r-<r^r^^»-.-ir-.r-4
Z^^.^^r..,^ .-.rH^r^t^r-t^tr-i^r-. 000000O00O00000OOOOOOO OOOOOOOOOC QCDCCJOt'OODDDQCO
nnaoCC'O DOCOCUDOOC caaa-aa&o^aaaaKtf




*" <o h-0»"*l— **"" *~
> > UV~H-aH ^-OffijlW-U-
"J
<r Va - ></> .— x<a»-<->cr
• ^uuua<c!aj>cc5. uju odq
*"*
. r- zau z-a ••> ••-»** O
%, £ z ^uoroizuu.^
t uj5 ZO ~ -><* '-J" H-i- -«>0
^c ~a hx=>o JZO-3 -&* ~--J °
~ 2m 02 ecu. ^JOS H^OOX- - -<
r a a UJ^£- CO CJ",3 ZOitUH <*=>*- ec
-1
- jz: 0a- «~ - uuhu.iau&LLZ o
£ a ->us auj h*aJHZ ~jcoo<o - >
rt 5 z S t^uj *<oo-t-t-w - >-
•
LL<t ^ i_ ./-u^^r cr. »-H-a x •> HHfor ia»-<<— y<- a Pz SS3 oojc^cthQ-aH-JSin pzZ
^ 5 <Ui OiUJ^ - -U-OL .cz>Hctcwcu- 0<*^fn iZ: ill o-^- -aa -O --J •+-!- •••'» — • _.
1— ^ ^H zza w^zhzozo-w^w-w «.*. m
^g: < J^ 2Sj >cm eiUOUJHH -WKO<wJ ~~ o
SS S St zzui ffs^?V>mSS ! ^J >><t '^ ^ n ijjiiid i)HJ><"£- »-s:z «-<a:^5:o?>a ^^ ^
333? z So: ooa z^
-J^<-»^gJ^Su^ ?+ * ^^











c< i -<r u w_» r- cu u o »-< f^i
o u>k o^o>acj ooo
,_< ,.-. ,_ ,_< r-i CM iv r>j
c_>ooooooooo
C CUOU DODOO
o a: a oc c a ix o: a onuaixaaaaaaa
c_?ooooooooo
puyu vOJ^-O UO«~«C\lUOUOUCOHHr-


















CM CM CM CO
cm cm cm cvOOOODOOD







r- a' o- o
CVJCMOJO
CM cm CM CM
oooo
C'CGC



























































* II J15ZJO II
enz • • ••ZUJ~-


































































































+ + + I -J-J02TZZHZZZZOZ UJLUUJ
















II <J^H_J< + l~-J>" II <^
ZicDZZ»-«^ii _j|-ZZ-JUJ^ II h-O





























































































































































































































































•-* r>o i-« uja UJ QC
uj moti— uj







', it-cDJiuKM »cx • -J UJUJK-UJr-
u.o<»^2: »- »-iu D-jaiNi*- oc
OUJ^X^UJI-Z acOH-oiZLUX^-JZ^ »


















































oaui > • co >&*-*
SCO C0UJ> O (D-^h-
W.U.HH UJ -^ »-
^.CO O ZX O OUJZX
,„ . COU< H H.X01UJ
UJ COC.00^2: H-H- UJ
CPZUJUJUJK D O H-H
.ttQCDUUU. UJ Zhh<
O^IUiUiiM CO ^ <i <r ^
auiozi/io. »o uj ^
ctx — 51UJU.' uox<r
^UJ II U-3C0CT C<U
r-a: .o^3 z s<










































SSIS^ziuacS^ Sou, g^a,= g-tj^'p




























H . X o-»s °^ HQ
<ZILZUJ • H • 0<

































































































































































































































a^ of of of o-oaaaa
Z <D HO— \- •+- H-
j^ »•(—»- Zhcrjzi/) •- »-J
<~iy",<a, (ji-'-'i Z<5. £ CJ*~"
roo 5:ooh> -K5:uk<i-
LUtn^KO_K >—OCQ-iUJ—u.
x *m(^x cu_r--K *o -h o
<sj- ^(jcbsti- <rroa.x<o— of
5. ^a » ->oo wki-oo
<j-uuja'<o cd > cr, 5: uj u. cuO
o fZao • *-Z< •-> ••-J ceo
O'sJ ••>-»— Of>— r+~C\J «-tnOZ3 •
>^^.i_LUO_lOUJOOfh- »oo—
z«f.z-3>o .i-:^u^
oh ••»*- <i OlL>aCJ<l • •
>^UJU~ioO •" ••U.CftiIZOLL-4'
•-co »+-of _j<3<zccu-i>zr^ -'
in Kf^UO •• -a '<i t-UJwO
.^ »UJ>DJan O »-ccof
ut- ^-|-u.<i -v <O£0fOU
ZsL J>ec -to -»-^ -<*>&
_j>4- 5.ci-.X'-"--'":u.-po
OCDUJOH Z> •—COX OOf -h-taDaJZOn «-o ^ — -J
Xo.l-- »-co ••Xh *-clc\j ••a ••<->
Of »-_JUJ 0<U"-X^IUU.<h >
•-C0U- OUi. •HtACDDOS—' •*
a • OOhCH- »^_)Z?=>^
< s< <-.>-i- —i *-i/pH-ovju-j: *-i— —
»
o »roOLiu<ti—«-»-Jct t-aoccco
_JCO *-C~i »ZOHUH >oi
aicoioUKCfGU>azcru.w^
Ow •• OOl-U-XOOOf U Zua
H—tOf-Jf-51 -<COO<0 »H
»_0 OO^J>2 - -ULH- *.
ooj— r-Q i.< ->*~r~t •uJomir»o
Cv< ••OQ. -t~t-*V>QC Cv!CD< •—'-J
OOl-vOOCtOZO^OO -U-Sf>^M^w »|-0>f-0.»-0f0'-'0- ••
v: »-crct_jH-o unuoh>i"
^l-^O-JOfOf »-CC"5«l 'l^io
-Hf^UI »o<ioo- M-I-00O »»H
to h— ti_x •• •I—02. •niJi—<[-»•—
aaucccaKO-aH ••-jziir**-;
w »-U.Of «C)Z>MCfOcOOU.i *-x








zi- .- ^£_uj<i»-«zcc-jh-q: —zuj
^c/)-txicu-oa:o - -H-UJO"~ino

















• o<x OO H -^ "
t-ino-* •—• "J
O JOOJJX-l















































































xt> r~ eu u •o
ooooo
ooooo
a a" a a a




































































































«- LULUH-«•XXO KDhU<I II •— U-






















































«/> </) 00a2 to </> V7UUUWhUUU
^-% #«•*•» ^^ HH *^» *^ *"^
t~« o")^ cvja t-4 o"! -4-
MMM QMMI-H
l/J l^J Ui >JOX «/> to 00
aaa ooaaa






































»— i— 1— nut—k i—
ooooooooa 000000
O^OOOOOOOOO
r-l-fc •){• * .J^v^^
Ol t-4 Ol ST^X r-» O^ «4-
•-MMh-1 •~0*-1 ^-"~*(MIII'OIIII
r-«aaa cuaaa
II II II ww 11 11 11



























U)_l II • •
o< mOO
•> U1LU




















a cc or co co
ooooo
or. oca cor













































or or. or or




























• CO CO *-<
CO»-< *-~-
U IOh







































Ml • —"-»"»~—• •
«-^Q,h- COCV • »H
»-i»-<*0 • *H-I— —
I
_-x • ,vo ouj—jo •
t-(CH^—m LUZ • •*"•
co m • »-~—*sr






















CM CM CM CM
oooo
oooo















































coo •—• **— LU
O^f^^^X •


























II COX II z
II o. oWMVJJM
cox II <cO


































». • • • ti-njUJ-*
rH r-l CNJ CO >3"X —IX CO





























































O • oo - o •
• o o *" • °O • ^ H P '
Ui O • O0 ix-1 o>
o • UJ O o • w
V. «/) • CO *v U>
•
10









(X X OO 00—
^ E ^ ^ °" * *~
o I to 2 o * *-<£
5- •> >i_ <i z: > >h
. .h »s:o o < • .n- .so
O ,HU0^>M UJ »~ O £^£^"J& ouo<-~ • o-^uj °^ fr,
,_~
_,#_<* rvi -J OJ- . ^«-^*rvi
"a? «<^.^x ^ o^s «-<-Hl
JL . HanQ-o a: Kh-ro*- • Hanaro *
x- u^co^mx . - . .ax- o^o-.^rox • ~
«^_ efiH^i^-o I- cm cm -»-*•-• ro f-«ws.ww-£_i sr
Zh v2.>.||. <m oo ^cm<-m- •••>*»• "*" £
.-.GO II III—2!H-—.O VT O I' H H-»-*O0 H IIH-SI O
"o ~~o55cm§ ~^ ^H-o ~~oa.ocsjz o £
oin zl~*~~ . H_io —^otn
—r*::^x D - k^p^
j- ±£S3TS -2'*: Sir: ^^"£ ^ ^ "***"
^K CMCNJXXXO • +^h-H- '^<^ • •»- cvj(NJXXXO • +00 »-* ^"^
^CN,coJJ^~^" t-.i2o>u-iJco^r-cojj ^WfMOLUl • I -JI-UJ CD oiQ.a.Q.^0
ii ii ii
HI.55I-?«H«« •=?«««???nn^SS'SrKi0~ O Z^CO^-Ui





























































































CO • oK H
r- O
• t-l • C
to <^ co_ «—
r* O — <t »—
•
UJ H -H —
o
>-'




q-OOCO O co -JO CO
U1UUO a UJ
t— ^v"**.**. ^^ I or? *
»--#—
—





•—••—«»—« co »•>— • a: •-a:
xxxx • <MX a. »-«
coa.Q.o_ UJ II D.UJ <i » « it
w || II II Uih-H—
«
-> O 'K-t r-4
• v~>Z _IQ- **
<it-<r»w OvOCO *-* ILKtO'-'O







IP CO -o m o




































I o M + ujo «— »-co5:
to_j t\J- - *-*^-P
II m 11 ma.<: 11 "SO 11 p-^
u^ in«—> so^-iJJ^^-'
O O cOLUO«^h-S •'U-Z
ctc.ctoii 11 aruJ<5.a:oooctr
>i_ >• h- -« -J> I- 5: co ct. ct Z)
Z Z co<2:»-, a:.u- QOi-Dooooa>oaOoiOOOUJZ
^o^oviuj^^a.uJooOQCUJ
tj ^ co ir>o> mo >r





















































^-^oa:s: h < cma x
*.a •- >co ^«--x<i
^•C)UJOi<l OCu> cc 5:
*z:o.o • *z<i *•>








w >«: _jD -\-*-<
><f - »-2:cc:x— "--J
>COUjOH-Z? •-'COX
^aDo--J2ro-5 »-cc
^OLLX< hZ J- -
CIIH co »XH *-o_cm
_JUJ OetU-IZ
COLL »-_J05. •-UACDCJ
•• »auh CH" *o
<fr—.»— h -J »-Vih-CMU-
•roO-iu<ti-t-H_Jct: •
CC t-O-j ZDU-OH
cvilooh a:00> o. ^
^ UOhlLlO
H-sJ-ol.ji-5: -<icco









I— O-X •* »--, f, '> z- "
co _io co or H-C—' o- r-l
••u-Ct: •o^>»-'Ct:L-)
<t- »-ao »-0 »--J *!-





<i i>z 1- v-o ct< lo UJ
t- 5:uj<»-, zrco-?
coxo<o-~5ci:o *•—






























































































































































































h ,_c\i s: "—
^ Jw _l hh
> O*-1 UJ ILLL
OHZOI-+ ">">
00tO»~<Z</>X*T2>> "*
II _lZ_l-J>•-, • 'ZLU IIXO UJO II "5"?*-1 •""*






















































t-tlM r-« I-l »
+ + + I •-*
r-H-<>q-r-<»-<»-i ||


















_j o r<> _i^>"0
• rH »uj • *-ts> rH >-*£*-*-* »UJZt-r- II
2.112^0 ++U»+ IPcD^ JOcCCbM
a--3u-zuj-7-3-3 ~J ", "°':1 -pu-^zz r^r^,-.
u U_»-< • II II II O II II II W •—'r-l tOtOO






w^, w^>^ rH-. w2»^rHC\Jf<> r-K\!fM_J U-— Z —J »"w




f^l^.p_p.|^ p- p~ a > u> cu u> u oo or co
oooooooooo^oooo
DOQODOL'DDCDOODO


























































UJUJ • + + P> + | ZZ«"
• Zli. II II II II II " Z> " Z
—,,_ •, „o—.. cocoa:
> U_ r-4 ^H C\i r< 1 1— r-» c-^ O _J Cfi CD ^)
wZ w- —-^jDai-a





















<ICJ r~ C-K H— •""




»-ro</)X eu-M- »-u •r-o
4-«—ucD5:»~<<NJO x«_><—
a
a. • »->oo •>— X<t|- <1 >C J
s1 OUJCf <£OCD> CCS. LULL COOzau •• »-Z*s > «-_jcdo
<• >- r_ct»-i »-t-CM «-t/)OZ5 •"
w^-L-LDU-J^LLiCaTK" M/)«-
«iroz-3>o -h-D**-*"-^




.». »-LJ2; >o—Jctr-j <*, »-coa
r->±r-a<: .vxosia'i-JLi.o
>«$ •• »-2:aiX'-u jot u.~3t-;
>CDU'U|— ID ^CLlDtt »-H
raaajzo-i »-coz »-«~_j
«OU-I< »hZ2 ^LUOlDCC
ff^|— »-CQ »Xh »-0_<\J •"< «*0
•_JUI oiu^iz^u <t>
COU- »-_ll_>Z. •"U<CDOC51-'
•4 ,-.»— r-—» M/)Hc\jU.<t •4--J
>ff\ D- LU <»-•-' -JCC r-a-OcpCD
CO »-0-3 ^(jaUH <l_3S-
CMtoc'r- a:OO> D. Z O. LL U> =3
w •• UUhU.IOU^LLZ^
l-vJ-CC-JH-S- »-<lCCO<tO •- *••>*•
O »UO-J>^ • ••U-h- <—




mu.1 to.<oO'> 'i-hwo »«c\jz
•»(— o_x • •>-<rris: •LUr-xi—«^Cj
C0_jUCDCr.h-O«-'D,r-4 «-_JS-LDQ-0
llu: •o^»-,ttOwoiu •-x *
^- KlU »-0 »*—J »+-H- •» •'i'ZCL
•^ZhZUZU-U.^^ "X .
h-com H-czitizr- -3Q<U. IT h^-CD
Z3CM •CIXIOUJ'— •-CMI—O<!•--—1 ^" >,K
0-—'tnZ"3U »-0—«— ••> r-<twU
za »-uui- »-H->ro>c\j -oouL<toxMU41 -2IZ r-^O SI 2: 0>0- CX. CD
Zw*fia? " co ^-<r rnv/Jii 11 11 11 11 noooooc^~

































oaaaaa-o.aa aa cuaaaao atxua.D aaau-o a^^u^ z _, z ^zz
o -o • to
~*
>i—»-a:
U_- ^ II.* t- 30<
z • x- zz •- ^ z * u, °-
-. • •O'-o*-* 2 ±: „ o- a - -
uj2: «-«^z<.c a- ^ S <->«fr oao
tr.\— *>vUJ »-h a - —, -> in - »-hi—m
iud.ozs:-- o— J^ e »~ - o *oo-DO<zdh3 a • £ ~ * '^r^cw
CJaj-^'-K-a a«/> 17 a. D ^i- ,UL
uj <s;holZ ff. 7 z »- <* ~° "-
cth-oa-ao^ UJ-J no > -J(VU >" u-5 ON X- SS * H' u°
iiia.uju-»-t u. i~ *-»»-' _j * • ii^uj
IZZa5T..O L, m ^ UJ" -II l^*i_^^LU»^>0 ^ 77" co — 33S«-1 —-<can o »-o- it l; ^ u.c »t/vu..oi-
z- z aaz rr. -> uj jou»u.hMvujDOOiUJ a ii Vj £> ujjHZoa-
*v uj—'i— o * r\ _, oixi-'Uju.^
iu* u vi "-»- c w _J ecu.- OUTUJ«v
a>-••<- •• x •" << «-. o nz< -
>_i<Mai/) -r~ CO ^ . a<f ui-O-
H-J t-l-X UJ*-* ^ ^ — Dhh —Z •
^aozoo.- -JU-! ^ J i/> o<iu- *-1 ^'
UJU-Uj«-, »-'»-«UJ- -J -S ll II •— <* »OOC »3CD
OOUJf-H< -HZ <*• — " . f_ D »-• U. -J
<iai/>za^too oi/i " . . a. «. i-i-u'riU!-
ULi<- <H- -t-co— ^ Z . OO au_3:UJO^-
_jo - oo</> •+- «^a • m UJ ii oo I- c< mo^
wozuzon -o u. — p a:-J^ -u^poro .
- 2C-t< ot-. ,-*»-! << " ' Z. *h o -' ocl^z< .o
^u cri kkz • P" rr u_ *- <-< - a*o«-<
-I ZOI H" OOh OO II > U- uJ < O —^ -,-
- o<t«xizoo— a- oo -' To n_c-c-z .>-^on it
za:<zs.aj u_u Q lu r- o >. h ll Z •<• I >
^-.o ao oo aa- 7^ " g < ^ >• o z =>i~c/w-.
^uju>aajzz aa*v z o a a uj ^ <luo tt=J<
ox<i-^uj-j C-) C_' *-•— - 11 uj JZ 000- uj«-< «<aa
oeai-h-a«r »Z< uj 00 a ^ m £ u.k^u.o - -
o~<«a~_J « <uj au< j- w £ ~o ^ acf_ ^aU,^
^o 00 -> uJ^"Jt= S^^Si ^.S<S-S«-S5-Zuj-ujij,-^>-Z-J 'NOU-h-
HJHMH»a rH<y)H ^^^^^^^^^^S^CNJOa^O^^^U-rg^i-rsi^ O^o -j^srOO «lAOaO UJ lNJ '°?M^n2n u OOO UO OO OO OO- LLO.HC H-
O
uju-a wiuo- ujqooo 00 uho o 000 00 o o^t^uu- a<o^^
^ 4=»»Sj -i ^<-j^ u-^^^ r^^^u7t^^^ -^>- -^- -w< " ot— ""




































































i-. .>or u o
C; •a'OCt r-tZ 1HU.OH
UJ •< o o
UJ UJZ tr-r-t














































































































































































































































































» t_> _jr-<- or^?Q-0
|| CCX u. »-O u- l/ '
t/)UJ<l«- r-tli. ex-
's: ^IU •• • - UjOQ.UJOl/VOCDH'^C'U-
occocl K-u.«/)v.t-«
-* .-. - :*£- r>- Zjo-
oozjov. oct/zcxi
Jzccui^o ii ih-uwjmUU-'HO H*
U_<tH</>0 UJV-0<t^
*-UJ U,<JO-5t-*QCH
too.* X- O- X*-1ZO •»<! II - —'I S-
e-t r-«2T - • UJ<£</>'-«
CUJ • OHX> CC_J
iiZOh^J •<lUJt/>—
J
UJi-i «-.«<! WOS- —JCO •
e>u Or-* -J* ***•
&.*£• a.t/)U-«.<i -"v
UJU 1 II X - OUJ- r-4-
O. I/) * -U-l/j - »to
«-'- UJ XOO Hff'l-
SO* <1KH- «U->t
H-- k^ x>-^u- ti o
<—..-.• o • oc- - u\
0>-H«/'U-'OXl/) »-UJ
uj<t<i**-tH :»ch:d
^(X O.C1J-- ^hDhDOOm UJO H-tlij
OC-'Zio.O- *"?0 »K UJZO< hh - HOJQ
C^O- —UJ<t + Hr-«-J <«"
OLL — • 0C Z .UJHH
S. r^cxt— .q:ujL/<o>«oiij-TH .Q tOjPQ. f-«UJ Z^H
Eozr-uj .u-ooaru—icni/x»- •DUhN o- O- com x>o
,-u^-u. >- uju ii<r_)_>a:a:»H
CtU. II»-hO--JUJ^ UJ UJOU
cxcv;ouit-Z)HH=)nu - -oh h
CDXCOHHtO OJCtOh CV • • Z
Mjr-3CC30< HH •LUU.^XJ-
Hic^^ «Q < <XH- -«^^<
.UJUJO. -HS HOCU-JUJO^^
- Zitn . ho jsoc- uoun















*-|— Q**w«- ULU —•"«- co— »-«<
CslZUJ- —"-'—-COt-*—fOOI-U
<M lu h- >•> cm cm c^ _j »m rg t-o
(J <_JCt<-JCJC_) UOIU +
,-•- aUJt-OOrH- CJrH-3- - **-«^

































































































































rrs-7 ••t7'»OZ* •"•mZ'—r-tZ"' *"
(Niiil II CMtMUJCMnUUO'tMCMlUCMOlUJO-lVI
^HH mm-Hmw<MHHh5iV- "^<^^^§m^OO^<CX«-UJ<wUJ<cr^.JU<-UJ<CO :-;
H-stzuJOOOHsah-H-sszruJ • ** - ^-r1 .*;£< ^Sco<r-cr:^-«cr:- < >-4 ": 'i:
1
^ c^ " r*.
«oi<o-<i<<t-ci:<fHU..acrcrioo j^S qhS
,U




















cz*-1 *»-t > H r-l •- u- *-^ -i—
h . . o 0-^uj.j "
"; o o u." u- "« o
5" 3HO H UJ 0£l/)X»- Uj
X ZUI» tHr-O O- •"• «-~Ol_J ^
„, CC •-*: I' • *& UWJ ...
£ a: Zh _,-<H~ </> ^^"-^ ^n ujwccu-.ll h ^z v- >~! +^w
^ 2?-- Z 3 0'0« >
JP qc — ujca i- <a »-X ™* £ „/>uj:£ <t o</> h p
">
- " <^x~uo tgfoSx ~
•z - x <- :lo:i/;z u u.s p
g .. o.—o o z r zk- o
- C o ujoa. x o O I— o ii uj -Z r ¥ z<ia«JJ z *<->ocl " £ ^
* s " 83- —£ « SSzS£ - ~ s ^
- < " d u.'^x- S
mo-3&r „ ^ £ £ -
S x I a :"r^
^ £S|5°u . - 2
° ^ o vi novo rr yo; ujp -J § « ^irrS 2i £g^u.^^ 3 S
5 g 5 x J!!i;s-^ ^ S*3S5£ 5 C 5 g ffi
^ i £ t-£^ "on =3^ Zuji < *- < £ q.
ujo uj > uj> z^ u.u^ <OXIliu o ^^^^one h^ wk kh o o V)
^^JUJc^J(x^ulc-t^)(^JUJ^^>(^Jf*wu^ •*- ->~ •" '^"-.^S- <£2-o; iuuo oo uu oo uo
2- OS- ..OH- O-O^I-HjOj^gJJgJ— g^^ggSS^S —H— --^^
whin-hUn-rin-^wwlO K* «._-^:!lL.mlfl» n.X»-«-'UJ<t»-'UJ<wUJ<^UJ< ^UJ<Iw<-iu<iwijj<wiu-iuu;-o<o-££zw<hw<' ajj ^| Uh2:w0hj
h!Sh5- <hS«h<hh< aiotftftfj^Mgj^ hx <Hg |jHa i2 tfa iijtf0^







|— «/)LL>»-<«~ UJO *" 3E.
a< WCf-'- i-«>-Q. •— 2-
UJlUH OtO H</> 2: *"
aoii •- < uj
a.- o k ? — — Q.
1 1 »h- -h UJ_Jt/> 2 hh , J!
<<o<. * i/)<X»- ^ o Q H H-
0. i-4 -« <12lS *-* Z °°
21— U-UJu,- Uii- - M h- O ^ £ K
5
~»an as§P £ i - £ 5 5
CJ Vi «*
*v<tO<— -» <-> *-* r~
*Z. TJ r^\ * .. .mi. 111 nr ^-
~zrao KQ=>e^ u- to O " " r>
_z> - • o z~o o
Oh- • *-uj *-.J>- 11
>H-O<0r-4LU <EO UJ Of <l
— XIJJ H O
te-rKi SH*" m 2 £ S S u.
^.^^ hryg 2 1- S 5; Si 52:^.0:0 *u_ (/> ~z « t~ ^ j>ZU3- - • zt/>x« < ^ _ *
tS^rf'S S53 t, s ™ 1 s I s
< z a: x ujo




UJ LU »3 •$"<*••»$• "4"
,uj ~ co a i .*-<-> a. uj lu M o o o o
=5 5SL3-. P g»SS 3 * * 22S2
C- JtdOh .-1- </> U_HLJ<1 OO < < < g ^ ^ ,£> O *>
Ci -o_j^ ii o:»-"Ui- < 3. ^ Fi 5 cld: ^- «^ w w
„ i_cxco-^oco - wz: 3 o uj * ^ ^
ilKillrSIlliilllEiiSS




^.^^.^.,-^0,0 aOjajCJ O aiaa'UO'O^O-a U'U'U'D'OOOOOOOOUOHr^r'HrfHHHHIMOJ
OOOOOOOOOOOOOOOOOOUOOOOOOOOOOOOOCJOOOOOOOOOOOOOOO
a o a a a aa-CLCv cxa.au oo aaaaaaao naaaaao a. a cxo a 03a a. a a a a a cxoo a.


































































•o •+ + +














































































Q. *• incxa: >*•
H- »• Q.QuOO<^
i/Osi" LUO 22 Z3L~Z •—-HcXCXO—
•
»-H^~i-iOO'^n)o>(/)a 0— <"
2^- 2: |«3-u\ »->t> u_c\jov
+ OO + + t_>OC\l<->» Z OO
- e£~ • »-«0 "HNMOtOH
X.X'*^'V »-«-«i-4 •>**» LU«-« •
^^ ^wvi< »-WV(J w<t|~ »"VO
|—« H*l——-U> —• I— I— Lf 1 LO »^
< »-<<I. l.U«—OU-'<I<t2 — LLJ
—2:»-'2;sH-cji-h-2:o<o»-



























m Z Z> — •









lu^ r — —







C <IX LUK OOr-« U^-LU
r*-2i>-ct i^-2:u>2!O CO- 00 o •
>Ow^cQJ- ,|Jw *~a-1





















































O *-« 2Z O <t
< »-• •
«M • LL CO
> C\J LL •
c- • UJG O LU
II LU O •
t 00
oc OO H- -JCNJ
_J LL CDt-«
1- CD *—i 2
2:^ _J DC*
< z>^ ZH
U- z O *-*
^0 LU «^o
> -'H y- •e
y- • <t 0—
*-> OO a^z-
7>v>zO ei—i<f •-»
>-<u. <— LU_J •fs~
•—1— <c •—•-^KO • *
^o-~ »-^i<^Z'-»0 •!|^<HVJO •(^-i-Htx) *|— I
1L-» *OCJ L->LL»0
r-l- 1ULUC\JT-t- LJ2 •
•>v^(2*M Nir-« »O0




i|-SQ< • 1-2:00 •
>-<(X<—'00 y-*ai<.-^cc










































































































— - II u
0m »fr •— r-o ti
I




o »• >fr o »H<lUlr->-i
rH o o rH •-.Jr-O—
>
•> w rH •* vt>a-'UJ<r
vO UJ •* vO «~ 2TLLO
wC)h- •A) w LUU <l UJ
LU-Jhh w- UJ r- C !-«>•»-
h- coct LU »— COhh Or- <i
CO»-<2131 I— COr-ir- • aia: •-•oc
ooo222
or (XZD^^'h-hu or _i^ ujuip-o
__.•. t^.^*~««.*^ •sk.^-h •— *— " r~i— h-
sO •C0CO"»ri »C\iOZ)_l02 >f (" "i <r<t<
*ror-ujr- •wow •zm <iw ^ "' 1 uoq
o »o iUOU •00+ + + + 000
i-*Qlr-tV)t-* trHQt-tLU- - - « ,H ,_<,-<-»-
•-LL1 •"-J *-Q •-LU *• • >»-'^ ,s* **»("*- ••'•f «*ST »-«3- >s- Ss- >s-
•4J • vt) a ! vC> UJ vO •v£)Oa«——-«-^.-^rH<4JrH«*Jr-;'i;rHw_,«^







































UJ 2" en <U CO LU




z a:>Dnu.i -J <
•* o^i^u <_> QC
«•» XI-IUIZ
r- cc<ooo<r LL U
•> ••Q_J Dh O O
a* vOLLUJQKOCC -J <T
UJ - (XOlUJi-'C'I- •O •OC
i-in QlUJ 22Q-i-< MM »—<i—
i
to • ujaDoeso •O •O
<~21<t'»t— H t-i <t t-"> •-o>--o>-~
00 0»— •*!nujo cos: — > •—
1
<*- »*~a>
_J •TinOOW i^OOO a (MW?(M0O^l^W
CO OO *«^- •-lii;<.UJC<-'t-, cjo <^tj
s HOtMir-Ov3t-i »— OH* OH« O-H
13 •1-4 »» VQQVOaiH •-SH »->v f-i ».
42; «t) »-rHv|Jw_JU1UJ_J^) «*"C^ •"•4J«— »-nU
wtnw-hJO^O-JLO'^l-LO'-*h- ir\—
tfU.aiiLaiu.au.a.u.ocdooarjocoaoooouJLi. -J^=J 11 aujpoccpuj ^P~J^££SiM3HiwSM3HLLlLU.U.03L5J;030tt-U.U.»-'<<UWZUJ;aLVJ.U.J.« - -• - cx:sll(x-*u-<x-5
o> >oif\ o r-
^ co co w














_jx ••-> s: ,.
u.u_>o
c tu ^
< - u- > o
2 t-t »«<^0 <t H OH
O <CI—O tt-« U H
>»-< .^o • -j Z. ui
OUVUI- " O 5-
|| f>- »—1 1—« <:( CD sO • •*»« ""* l— •
>t-Z5KH- U. iff W "J „^
-HO_J II - UJ -J
-J 7^<aoo ii zip co • »
,
cxo«a iu *-«Z 5: ~
_^















• UJ •o •
> «0 <IUi UJ CJHH
••




_j I- • Q-a.
CL2. O XX
CD IQ- DZ ZZ
»- 2.2:>h^> <i h Z -J *





2 • • • * • •
>0r3OiC3)SrHUJ OOOHUJ
rHLLUJUJ —JO r-t •- ja
00 • •«"-• • • + r-lf-H • •
i>hO< •- »o Ujlf* 00 o
»_^ ^^ MHO OrHl— H » UJ * J-] **
o§-o°-o>-i^^>o^-z -Zll U- H H^O •
tJO 00 OO- _J 11 •cj<-;c\jo- O «« *^ v.*-«~ •
- C»rH- O^l- 0^^< - ^-S-t^^u ? Sr^rlo j ". ,UJUJII^5UJ^-'II "2-SmUJ
»j ou on r«> ^
p.. mm u-v m
t-HCMl<'>^
00 0> O r-« r-ro















































































__j|— __J|— »-0 »0 »W*2






t-i <o-<a< 'OO • »~-~-x
+ Q-UJa.UJQ-0 • »oo •**•<
-. h-41-. tu -uj »-uj •ouj • »o<s;
__, „ 1, w --.w OJUUZOUJ 'CO
I -.—UJZ*-Z—Z_i • •UjZIUUJ •
w-3~5->Z_i 1 »<•-»•-« ">fcO «|-_J
*._.._.£ a o- a—j-ju-un/jor. •
^^hhHJXJlJUJUO<<UOO
-,









































• <iUJ t • • •OOZQOQLU
•
_J »ZCOUJZ

























































































o • •-* •
CUJ •* LU
. 1 «4- -J





_jo 11 o m o
rococccf*-' 11 'Tr-r^coa:
11 2ic — ll 11 O
cni-zor-—-col- cci-o








vt>sCvOvt>rr r-r-r-r~r r-r-r- uuena'ajcoctco
oocjoooooooooooooooooo
















































a:o< •«— *— trj







II U m II O
»-• 11 tnr-H 11 i\»r- 11
~ II -^11 o~-
r- »-• _jc • 00 *— _jO in >-i
r-~c£\- r-«~a i— r-i-Ht-( it 1— 5; odi-3














<io <x o <j «j <i «a «i<i
>>>>>>>>>>
UJU I LLI UJ U- UJ UU U ' UJ UL!
<ic (-c*i- •+- y-
4-1- 2ri-00_J2;oo _)
^»(/)<l »-C_<»—'*^2 ^.<!5_5. O—
"
mo SUOK> •»- 5" LL h- si
•• »->-i>0>^ flLU rU- —
'
U^«~f--tXh- «•>•—OCCJUI— LL
•rooox «-oahh o »-r~c
^wUtt'Xi-^wa x<to—-cr:a «- +>w —'X<KOO
vj-oujar-aocr^cos iuu cooZOU •• 2'<i > --JC0O
vj »->-(_Cr'»-< "-h-^ *-or)<-^0 •
~—»_ujo_jouiOu:I/- m/>->
j_ .. (_< ULUCLO—Kt • •*
ldiooo •• u.a.cizuLi«<r
co
.-h cr_J<.-artful> 2- [•--«-
^, »-CJ5. >o—'CC r-l »^o »-coa.
t>sj-t-ci<r »-t/)<r (_5:otn->u-Cj
^ ->CC OO •"!—•-* <i>o





^uu-li h— Z*s: Luomor.
(<-»u- »-C0 Xh -^ Csl < *-0
_IUJ _J«30—X2LUU-vt>
CQU. 002 mCTC'C'^-' •>
•• "OUhOf- ^ *oz»w
yj-»HI~—I »-l/)l— fMLL< »H—
J
(T»aLu;<i:Kt-'-JCir »-a-occco
a. *-d"> »-2:cJU.cJr-i »-<i—>z:
w * UDhlLlOUO.tLZ
I j-C^-JI- 51 <C0O<O
t) »-C>0—l>i- •> •'U-l— •—»**
H-r-o.5-<t •->—,-< «-UiOirim
< »-OCL f|— »-" O^ Ul (Nl cc <. «-»^h-tUaOZO-OO -LL^->
^^, •. ,.(_q>i— o_»-cno— o.
t-dor-JH-O OIO!UI->I
^-K-<5U-lOCCC CD-?<t IW
muj 0-<UU'« M- Kl/iO •
»•(— O-X •" •t-«fOJk »-UJ»—i<S.—
co_jocccj:i—u—-a r-i —is.in
-~ »-u.a: •tszr>HHcr:o^c, uj •
CvJ- MXO "O "—' *•*-!— •• •"«*•
a: ^Zhzuzu^wic^
<a.ro hDZiuzr -3o:ilioh-^
w-rvi ••tru'0 LlJ *_' r>JH-o<*^—i*4"
h-w-it.2:t>u- «-cj—— •> •"»—<*-
ua »-uji— •~H->r,i>c\i v)u_<o
ZTO<J2^ "SZ «-^<r5TS O>u-oi
^j- 00^0<U-l-l" > •*"^uj<
zoo<o<a.~5cro » »+-ujo—iroH^r.-owwit
H-ZUJOr - -H »<i-'^fH _)—4-co c?w. ect »ft*J-kolv<o^z_j-> ?.£o>-zaoor<ztfu-yuj0I03l->00>t. |-><£> UJ<£tt< II 2<^>< « t-




































> •" °- *
<t m X •
ft. O CD ©
K- ^ O
co o- r °
>D X 7L r-i
# CD<— -<
«rwu- — OX X H
§ o ^ * hou CO x UJ
ZI^ . uj xo C3 a: g
•wl_ ^ <i h- a. — *
<£- 2 3: ,-i-J II * JO
u o in
'V2 i: -j ooh as I a. K *
a:nj*o * h? .3 xa »x
h- ****
(\Jft>^ COX tHOD _j *
,„_ ^.tu wo-ao OcM h-l- < U-— «"•
~
oTik ox <XXO cnoa uja *- uj^ r- -. ~
O Z O^ sice com .u^X "2^ ° R~ £ H
°-^rj *h-*iooo-»-i~o . O S£ * ** »- o o
lit fflirfiSSPS-Sffi is! i StSt t










~ 7 V oz oz




o — o <
"- 1 °- » ~ ~ o uuo - u. r ~ it";<.<
- * * * * * ^ . . hlU c
" S • S S • • • (M lO -iO H ^
>*• + • O + + »000 + > • • cm.-.,-, S
^coco || -II o>ooi-co ll II MM -a. *H -T£-i>- ^ -,,-<.-.,-<
^^ rt,,,-, ,h ^_ n.^ ^^ h**30HII«h|IIIIIhhh30^h
H-H-H-I-- _ H- ~LLU-ZLU -J_J^UJ-«M™
5.^t7 rr^r^^S^^ i. ll u u.^i-cm/> omJ-<\ico H-~ H~r^—
t
HHH





+ U_ *-« <\) •- »•
•— <lr-1 if**"1
w 2* -^(Njrsj
o. »w »-<^:itU —>U- _j— **
t_ CM< o*-**-1
< *2 2_j-i
^_ w .. .-oo
in *-"•—• HZ2
cvj uj o*r »-<cm»-<
^ _j 2~ ~ I —
o coo r- *-<-j <_>«-o
tr) |„ . J_ Q-r-< tO<U0
^ O <-> + M— *
O 0<t O <l~ CO 'CD
, ^ . — hi- 2—2
o «-».~. • too •-co •-
UJ coco o •+•• «-«Z«—
, 2:2: • —'< •-* *"rH
l_ c co»- i<r— ii
2: .-..-. UJ 2 00 ~~fl—
,_,^j . - - U_*U-
O ** — *~— ^w5
w ww co r-*co 2ll«£
h- ILll Z JtZ *<I -
.
<< w - <-.2«~
q 22 ~ U-— CM CM
21 f> •»m,r-« <H ^*—^
<i .-..-.{NJSt *£*: '-CM'—
• fMCM — •—» •-*-
. ^^OU. ~LL _)— -IO wwl-*^ CM< CJ»-02 yz 2-JZ-
m in ro
•— w w ^~ ^
h- h- H c «4-
w O U #
•• •> • >
•"""
_ «. -~ r-i *~ 1-
T-* <f I-- O e
«_ w K t-
H- K H K »/> wU O O O w *—
•- > • •» * •"
_ _
<•« QC r-H
^ _ _ *- O +
CO ro <m Cd *»' H-<
_





*-* LL O H-
_J _J -J <t H _JU w 2 2- U-2 2 2 w O- >w w H Ct LU
> > > (/> •— <
»— —
4
-H > »— •
_J _J _l U. V. UJ
O O ^ *-> _J
•* •» »-
•^ • •












_J _J _J <I * si*O O O 2 O >tu-
«£ *C <C ta»- 1- <
^^ 1^»- h- Q. 0—






_J _J _) U- * CJ2
O O O < e><r
u
C JJO - - •£ M- 3 w w w mw hh
Uj OUC3— h-|- NZH^ _,_,
.
22-CM -JCM I -I* j j j <f^ * LLLL
_:^*
V
^w wwwk ri ri d 20 o- »i_ t-»»-<CO— <C*^ ^^^ r- w ^
U 2~ »- rxa.H-o 5 5 5 hk 2 «
o o.a -• »-_j tfifif* >-~>->-co ouj> ^H2^ T^ ^^^? ^.^^rM-.r^>^ OS H-UJ
i <^^,: i^^ £S£u etwtiw^w^ o5 ^-:
^h^h-i • M II HjU »-0. wf-— -JZ«=-^

















































































\— &. »o •
>-<e>of-oQ# •" OCt •"!-*»-< •XflCCVO »JJO
• »-•—o uoano0*0-~ 'l-OIIO
ZOO-*°—J *""* CC CC CM
<1 •—-< ••-«-
• p>'e>_*z + »h-i—
«-+.«.+ 1 •vr<t •—JO-«- • »h-
» (_h**-«>ci»-,,-'>-, •QUIZXZDOCl
r-i





















































































































































luo 11 11 -KCOa:
•- z
























• >- - rH
t-O II •'U-
llz x<r
- LU— OJ •"
a— 11 ^ •v.cn0- 00- .


















































































































































































H- c\i<co<r_j«/)vOi^ _JJ*1UK<U • »OUJ
l/'#0#U' •"# «-* •CDO




. o*>-3# * >ao uj|- + I>Q-J> 2.l-< •** Ojsaa:*o^>uj*k»-« l
















ic tij^io— • •>
2. • • «iuaz2:ffiizziCL
Shi-i->- 11 z-ioc 11 -Jaacc u " ouju H «-"JX •






5 UJ Z>~ <
aas: •im. ^- •






• ~z ••o ,-,




• as-cc» r-« t
HO"- »u- •




>zr ^^ »u <s
—. ii >^«va
^. h—>- u-- ^
V7 2^#~a •— H-CJ
I- DWOH UJ>
^ O—• • II "5 •
> srcosiin ho
>k >2.>a>-- <£
o- «rD<i- o •-<
>2I5:_J«-UJ II UJvO •












wocz-«-<-J - •- •




> >co>-oa-'i-- h- •











-1 o in •-* »^













X U O r-t r-( I—
-
O- * * * « •
a: cd o »- *- -J •
^ ^ 2 =£ =1 £_j ooai cu -u, o
^ * to :*- ortuo — UJU.' ~ »z^ \~ :£ *
g ass ~ ijfss ^°x > gg ^s ^
^ O-XS* ctrooc* u- X> £ U^U ^M£ CM-
.
o_cmco_~ uf>«oc cD<r p- •«< • £ ge
O CCKIQ.O -J-r*2: CO -C/) cvj rvj > -OUJ u.o* O^
s x ff=w ;%£ ^ -- s -s^l &? si
§ ^ Stffi i?js?ia"? :os! sis s-Sc&j; s^gS










OTOO OD *^OH »Z • D
Hv: vOO D «*
-jo: uo Z «-' •
jj <l o -• * - ^
OCO •"* • —i •*> •** —
'
-•vo oar g o T ™ 7?
to Lutu lu a. »— "** * *
*- iu* • J uj c * * z
cow »-• i/>a _i •> H to (P 0* i-
o# • o to rococo 5
Xcr o ujiu i~ H — # <D O z
aro uj toi/> • ^ «j a: • • "~
w-Q. • >-**-< O > O O r-4 r-« . h-
^a z dd z * a. « # * <
au z ctior <i ro x • i/> 00 o
•*3# • • OO • C BD O •— H -J
-«0< -a: • H- ^ ° * ^ £
IIZUJ MO OH- O t1 "*"- O > > *
ou'ct: o • Z<r • X (— 2T «-i «- —' «—
<#< <t • <*— O CD—. iu»-< w *- «— —
'
ILZ3 UO *~UJ •Tr» "?-J **» * * ^
ZO# < • WW- • CvlO HO- .J <i— —J <•
ujoI-. o-.u.. zo—i- ox x o iu~o - K
—«u.a: —z OZLMZfr< I— cd »-co 2: o:ll'0 — li-iH*U K . hOCn Q. </>l °- «#o a. *
z^K z^ hactOH x-J H-J or 3a# co _j
a ._» u—. ~oiu_j coo *:o — *-<r<i-» r> o
Z^— <I_i Z21U .»- »-<-» "IS!* -Jrr.a'.* u. X
liJ .< q:cD OUJCCO 0< cvJCD^h— DO^<J CO
.UJS •£ O ZC I- * 2:--J-J Hinso H +
^_^>#5 l_^j - Z<TO O-CvJ hiao Jh*^- CO ^~ C\J
_JU.M . JZ UJ^^ — XQ- UJ .Ih <Ts}->0 Z> . »
-J
, 1 »/) csi •«- 00^5: . • COX -?r-ICO_J -'HJO. 00 O
cch-* v! uj»- w- 00 -co 1 •«< < »o— a. m o
Ow-JT) C^ 2-C^5q:UjvS OO Oi t-(|-0< O' l^^-JCO'v H
z#c co <_ioo>-ujuj r-i 00. ^ujQ.^ -.^<o-Jocn^ o uj
m .X ^ Su.Z a . • r- >J-X H--5XO "> HUhOtO C CO
^C^J - .«Utl-£j -JH- V U-'HCD^ *(M<co<r_.t/.vO - £ -
^OUi > <-io arioo 00 o •*-- • o_j^ct -</»-* ax > ^
•Z* _J .OZUJ >> O c-i -001-- ._J_lO XOtoe-5HCDOO X_J O * »_J
'r". _ ~.~-.=l . ~ zL ./-x-r-*ir->-n-<-> ^1 -._ic>o ^i>i/.^ ujq H oa.oz<-o o«^az^ -oo - 'OKOiio w -Ji ->u- o K
m^JiTOOZJmSt^S .<I^ • -O I H . «v , 0!<:U1##a|l" C<tUL! fOwZwS>?oz?S inu^l o ^o^_j .h-h-^ H + x^a.p-_jHxa._j -k o r^o
hSSSSSh-SS^^- .0 . oj.iiife . -o *o#*ra :<2iUf:-« n '^m~<
0-Jrr,u^^o^wj- 11 Soil •^Q.cxo-ncD^oox-rvjo 'HhOUJ- 11 11 ihr-o ^r-iJ
1 )ii*f-* 11 on whM «uj^h n<r>- 11 z_iix 11 jo-aco^wu 11 oluo m —cm-h_j+ • 11 > -jco
zftSK*££ouJ«~5£ -a <hh-J O-J xxiiuMi iicrH _jna.a,uj^o^<tiioiu




orsjor- l*- *H p- 1— •
O r-« rH *^
<\J
fu-iLccn n £ujrmJj a.«-jX<u.u.a.—_j uj-5«i->ujuju.«-'Ou.uj^oo«
SihSS- 2t>c!3zo^»-ctoo<cc.3^»-iO •uoa>youj<tuuMZWMU>ca<





<l<l<J<3<a<l<X<l<i«J<X<l<3«y<l^<l<J<l<^<i <i <J <'l « <^^^^^^^^^^^*^ <,<' <i *1<,<i
>>>>>>>>>>> >>>>>>;>:> >>>>>>>>>>>>>>>>>>>>>>>>





+ + t-t • CUJ
— <~ .QC CMO
lO to iuo «-z
H K z • *£><r
>^ J£ O •«•- —'3E
a +cc auo uia





<I<1 .lUt-HZ • »0




o+ +«^o • »"J OlO
• xui—• + •<2" »z
.2lZ<tcytJ.'cx— »XMJXliO »«-J • UJh
.svvzjdg • :?
,~.>ujvf>uj{x'Z • —
to* zu.it- ?» • • ooj~
_j^-<; »o • »i-h —)<c
cd>cx iiuctrH • coa:
sir-«i :; »o •lu 21 uj
z?o-«-o^-« «>ujz r)a






U_<J+. KU • U<
#«v_|_ + _j tOOIt-U
vi(-a:i')<~J.Dzew
»-«to 13 »-< ai>z< -" »-» h-
•JhDDO •< •—« -JU-
HUOZOZtt • •oo<
ii*ouj»-<co »ih • fra:
OtOi— *s.-)t lY ••-* »C«/)0
ix u. «• a:hs • •ujluu-qc:
-<ODO0>HiuZ •<-<
• k-j-o 1 o »z »z#-<r
OtO»-<ZUJHJC? 'UZW ~*




"f^>-i-cr'-«tONO>~«wo »to»o»-«—' x^ 11 hhuww* -^ ^ hllzzi/)^i-_
/jc/w, ||_- • -
_j I! cr:~ h-Zr-»cX— H-CXc^tO II II •oCIIZOO-JOUJ<o:f-ZZ
_j»~c>uJO<r ^i-oot-f:;aiQ<oiiou.D<tzzohiuccoohiiJ«oi- • •ex^cc
u^whas:oaiiii-i-j-i--i-ruH->-Hi-5:<»^ODa;wU'-'U.iii—^oo^z<r>
^Mii •- -3— ct—- a. _(«-•- a: w-wctZDws.zoo<i—z •~a:<*H-g
U-OU-arcnQO (-U-0OU.u;00QIu.0'OOa:U-U-O<ZU.iJ.3>l-aU-U-<OU-OH;U lf
I-i^.t-.-^ a.u- 11 - vo;>»~<3a-u.z>»--:£<^u_uj>-<*-H^ocuj^nu~«-w^ >-<H-< •ujkhu.i/xxuj
**• |t) m ,-« tn o —» «$• CM cm cm
o ru ou in cu in o> cm o in tr>O •-» O O rH *-* O
CM CM CM <M
89
CL> m <l 3:
cu i\> D3 CJ •• O'
to CJ2TX UJ
UL LUU'<i O 3 O
•• IX>HH ». O O UJ
K- au» »-< CX rH Ul
CXJ oo«-<a O-
2 u-X O UJ C CO




•* »-« » O z> O X
51' jax O cc O <t
u_ uooo «"» •"• 5:
— U- cc - C\t O O
^HIXI m ex- O • IU • UJ
• ». 's. CD i-< O z O z
0-3 - - IX UJ 1—4 Ul 1-1
UJ> Z«v- O • •
• •> —!» • H -z. z z z
Z-J z:c5x 7C UJ ^1 UJ
2:0 •VLUCC O • t
• ex K-O •> O O CJ CJ
QHU IX - ^*> "Z. UJ z u.
- H • < l>~l < 1—
«
• • - »ix r-i • IX • IX
«-1 • r-<- % • »—
•
• -4
II O • •> O
• •slX UJ • UJ • Ul
<: UJ vOli-NO • a cx
u_ z: - IX- •• H UJ w> UJ t/>
_j ._j » «» _J • •
•— II II ^«. Ql «— H ^> H
«—<t IX U *-« 0. ** <t
l- tOh- CO*-»IX ^ to 10
z _IUL! 2 aixi • _J >- _J >
CO >-<m«—
•
->(X CD _J CO _J
s:_i _jf-2:oo 5T U 21 U_
_» Z30 .- • • Z) Z>
i£< «_r •!D^ • z 1- 2: h-
e —K u- xixt- «-> O **•
1— H-LU oiur- •• » H- z H- Z *j-
-J <CD _j «•'OO < < CM
« tJ •• UJO- • UJ CJ _J U _l r-l
(_) -Jl^> I-Z-50 • _l J _J —1
CX U-H- <<- 1r-<K IX •-« u_ t-i »o
« x-^: CC - IXJ * 3" # 3 HhO to_j UJX 2: in to *- II





< —1> Z>< •* • • _j U -J U-V)<C
6 O SJ' OCX O < <Z2T-~
1 *o i-icca r-»0 * ££•— #• cr:C> •O v>cc x ou. • to O- t/) OH->0
e U.'- <- - <t • u— a<fl u«- cx"»- • •
IX' <!<« 2I*»s. •- •~r-l <r^ »-^z <o mhOOI2tO*OH- - xcn • *in <IO H-tn <o »z
•1— t/iCPiu- v>r\j •O too »—
<
t/JO zo *
(-:*QCM"*' ,^*- >* l^UJ D(\JO» h- OtMrH- OUItO











o >- c UJ
CJ H
c
c ^ < UJ
UJ u. M o
^
_
UJ y-s — X
u_ CC >- 2T _j
< _J — c;
o o x h- X
UJ c C_ ~~







cr < — c •
UJ h- 2 H- CO
o o or < X h-
UJ O r-J ""* c ~~





h- a UJ — X <
LL a. h- O X cr
< UJ 0- _1 UJ
or o c X < o. X-N X
oc
cr




























_j X OT h" CL X ^
™


































x o x or x





s: < < H h-
x 21 or — x
_1
<
_J o c or 1— cr o o v^^
UJ U_ or c co c_> cr ^-* ^-*
CL *-'• < — LL z. CO o c^o h- > or o x h- < CO {*•
cr < < X UJ OCX cc
II
a. o c 1— uj o- — c < _J II
UJ < or h- x H ^-^
X
UJ












cc z cr or uj s o
u - o c c -
h-
LL
c- U- o o
UJ UJ cr cr or cr c h- c << 11 • f>- •"" ^^
M cr — x cr o_ x Her C LL LL
. c —
• <c r:





































cJ — uj H UJ UJ UJ UJ UJ UJ UJ o CO X c cr

























































































>- H- cr:O cr:
< co c
cr: -J _ c
X <
o !P" UJ oo LA — o H
< CMO oUJ z< cr






>- • Cl LU cr: c
-j e •~s CO UJ C UJ CL
_j \- UJ cc K Z3 o. CO
l . u. CO _J co _' UJ
u_ — CJ h- cr:
UJ • x o u. z u. cr:
cr: C o cc • c — <r o











CO • • CD CC < — U-
UJ o LL CM JZ J^ < cc
7"* o UJ x —J 2l
_J N~\ c z < UJ ~









•m < >- >- • >- CL
o O cr: 1- 1- CO h- >-

























z CL cr: UJ c uj o <2 UJ




• • O I- z z >co z






co c < < ^^
-J -J o CS — J- 1- x to CM
_l c CO CO 2 < yz\- %*^< U- it cr. < UJ o —
s: • \- ID cj f- CL
CO *—> < ^^ o O 2 UJ < U- C
«^x CO 1- u. CO >- < z c cr:
< < U- H > — CO CLH o o -XL LL C cr <J)Z i
c- <~» UJ — < z — c c
• co h- \i • LU 1 cc
II CO H UL < II f-l r cr: coH CC r-
CO i^ < • H- CM • o c — cr: x
en _J «w> cc CO %-/ cc rH o uj cr: C H- n
o v^ o cc j- c 22 tjf cr: LUft-
1- c: —1 • H cr: — h- cr: ^"o — ii u_ o UJ 3 < rs cjct: O c
<x < o UJ < ft. 1- i- C<< cr:
IJL o- o~ • • CO o u. >- UJ < UJ CC -i »>-^
• c UJ CJ 1- a c cr: < X rH cr
>- II ll • o x >- II XCJ v.^ x
CJ • o — cr o >0 UJ z o — —Z >- C t-» in en < z O t- H z — H- cr h
UJ V- UJ c z cr: UJ UJ Z — ujcr: z <
— — UJ a. f-l UJ c — UJ — X e UJ z< — cr:o o Ql UJ CJ! CL O CO z CL — a. i- UJ
— < CO l- LL o — CO UJ >- cr < CL
u_ Ol co II o — LL. 2 K z\- CJ O
u_ < u. H- u_ LL. CO • • UJ < o
UJ o • LL LL »- cr: — UJ u. — X CM UJ x cr: LU •o o o X UJ CO o x c CO cr:»- Cl X O
C3 _)f^ LU . cr CO < C3 UJ H >- CL < UJ — — CM2 CO uj m 2x£ i-l o __ IZ cc 2 i^ LU UJ l-cr: o cr co































_J ^^ N 1-











M UJ CO H C-
O- h- c_ coV co M UJ








" V cr CJ. "Zz
™— *—* i-H cc
I— CO V c
CJ < X ^^
UJ H- X CO XD_ ^-^ «c < U-'CO 1- t-UJ *-*. CO • ^-^ <
cr c h- cr C-
UJ v: <-% co __X U- > H 1- c ,-^







— CO X o x — cr u
h- <- X X 0- h- i—i (-
H- co S h- <x n h- <r —
u — — CO Lu. cr CJ
CO X coi- V IT 2 Ll <
I— X —l C X <- cr u
O: << c cj Ci
U! UJ i-H < LU
. P cc
IT' ^ U ! u "V C UJC C LL CO N C t- (-
O- cc or: • OT Cl 1- i u<^ UJ C UJ < <"C <u ^ H H •V V <LL 1- LL X c: c ^
— 1- 1- < < < X ccX ^ O 2~ ^_ < —
CT cr cr cr x 1— l-
cj cr c o X or c: 1- cr >- u. C^-
LTl LL x — T_o c LU Ll -J cr
CT
z C crcc i-H t- u_
LL CO 2 LL'
c > l-
II
< X UJ U_' cc ^N c CL — -=-
<?• 2 o CO UJ UJ h- I c
UJ C X \- X T» U. C_ ^_x
c~ —> D-< cc — — 5 CO Ll' HX CO ^^ uj X c Cl — Cl c^- <;
I- <r »-» -- v^ X X CO cr
— i— to co c UJ LU cr uj II LU
I x< D- C^- CO CJ c Cl
i
— H Ql <-^ CO c< c Hw • II UJ > — cr >
UJ 1- P-- X Q. ct: cc c c o coUJ UJ U-' c < CO h- CJ LL LU
CO O- CO UJ II s z co X LL' H c
— CO UJ " c CC U.' d: ^. CL _X or cl co cc — _J c or co c X
cr uj LUcO X C 1- ^ X LL ^ ^
CJ CO 2 O ll — CJ
— CO X h-




•H" X co cj c: cr s «*-• >
*—
s
X X X LU T- LU O c
UJ c <c c -J LU (- t- I- 7-. > cc cX UJ Z UJ CJ LU > LL c o < LL
— 1— H- > c t- < (- _J CC
CO < |-< UJ LU CC LU LU LL < 1- ClX CL < Cl > _J < ~3 z: "3 < —
UJ —
— o d: -i co CO
CJ a. <_> cc < cc -1 X _1 UJ 1- 2
or — x —
<
UJ UJ LU 1- UJ x ^r c CD
LU t- COI- CO X > UJ > LL -J XQ- X X 1- z. LU CC LU O LL
%_• <r • • cr< < . CC Z3 • • • —1 —i cr la • . 1- •
U1 i-H uj r- UJ f- CM C h- ' • • • LU -I in to occ iniD \- CC CL rn hO-N H <T <r — oi io <N W 1- c LU IA CO re °X O r-» co XC X co Z Xla i-- I-*. UJ Zl t^\ r^ lu co in X X ~D O O _ in




















cr: cr c C
ZH a. J- 3
CJ CO ^-~







or — ro o ^ UJ <o rr IT • CT> c H- 1-











«a I-l > z
LU —a cr CO crLU • c- CO cc % LU
-ZL
cc r-l LU s cr 1 c _J CC LU< e: LU CO _j U 1 <
cj CO Q- h- cr LU C X
r-l CO V-* CD • CL o. M. 1- K
00 • hO CO LU CJ
u • C N~\ LD 1- LU co s
^3 X C hA hA U' co cr.
—1 <J. l-H LTl w c







±c z LU * CO CJ c c <r too <-: K cr to H LU rj s: ujLU <I • H m t- CC _j cc ccX
C_
c C. CM V < CJ c cc
a. "— rH •














CO z h- <r oo CL y >- _]
—
<r < cc >- or < H IT,
^ CO —
'
1- c ^> LL O
O" cc s CC cc u_ _J < X
CJ c C cc _J c cr v cc < cc co
^ LL K _J • • U- CL LU C v^c H- V c La CD
— LU CL # cc .
—J < LU c: • i^. O ^ 1- .
—
'
c • • CS1 o LA — co c • < •c c ^ C en UD <—
1
-3- H LU CO
LL • K h"s J" z o: H- h X c
LH — H ID C LU < — CJ LU
*-»* LH 1- <; II CJ I CL ^* — UJ
LU r--. _J h- — 3 X CLZ I-H < cr II LU II c o O T. co
"—
• c 1- z — oc
cr 1- r^ II c; zz z: < 1- LL' I- 2"z LL CM u: H c 7r z c < 23LU LA CC ^ — — CO c < c X
II o
-* LU C 1- H — \- cc ^-N
CC c ^ CL _J < •?* c CL —1 X _J
LU O LU o o < cc LU z to < COCL • CT X CL UJ LU r: e- < z ;r s y
^^ o ID o co c Cl c z _
CM H- rH II • — z c >- < H • cr •< oc — X rr < 2; < h- z t-
t— r*"\ h- O cc <r or CO LL C UJ t- ll <r LL< i—i _J z UJ ^ o a: r> — < ^r < ^—
*
v_^
c <r < 3 UJ c Z C2 X
o cc cc 3 ^ = or O CO LU
LU cr. d: CL cr c c z • c CC Q LU CO o-z It z LU LL LL cl •— o — UJ Q —
— < 3 • (- = z > CC X X II c-
Si ^ o X h- H LU z o: z _ I- CCz C_ cc CL < 01 oo CO o uj rj UJ 13 — CJ LL II c-
LU or LU zz Z2 —
s
— o Cl l- c 1- V LL
• ^ cr cc c: r^ >- UJ »~ UJ -J cc o CC n
co c LU V- X X cc or: I- cc LL CC < 2: LU jr
• z Cl LU < H H CJ o < i^ — LU
• — a. LL *o or z Z —1 < _i cr
CM h- LU CO a. h- 1- or H »- CJ — CJ H- CJ ~*^
< CO X LU LU o c z cc l-
O- 0£ — • CO "3 ~> LL X — X — UJ LU x h- 1- —
LLl LU ID X to O CO < a. CL LL < < t-1— 0. cr: < _j _J _l ~; a. — >- >- LL _j
CO O CO •^ LU UJ LU O cr 3 \~ H- O UJ LU <
> > > _J z CO • • LU c C
LL UJ t- \- LU UJ LU LL — — Z3 m UJ LU ^ X X LU .c z < < -J _! _J H X O to to < 1- 1- CO o
•
—J v K >- Cl < < »- mmm >— — oQ CD CL CL < < < LU s: LU LU UJ t~ H- X OZ z T* X LU LU UJ Z3 1- LL • h- -J —1 1- _J . -J . err m


























CC H o <r






C <: —V LU ^ CJ
o LU ^^ O- — LU
UJ II a 00 LU o Cx
I to <r H LU 00








2 CJ 2 h LU X
o *.' CL a 0"
_l H- h- IX. 3 —
_J < < c a" _j -zr




LA z _ O
< — — cm 7»
(- H h- LU c/:
< — — c >- c
cr II <r c
c < <r cr Zj —
LU LU H <r c
L- L. Ix. CL • >
D- C- ~ LU •
to to z
tA . tl
C LU 1- 0". _ *-•
LU t: 2; a h ~ h-
t- — o LU — ~ LL
< ~ c T ^* ^,
Cl C- t- X H
— c_ c C z
<_ _l K z c .. C*-
— tr. < LL' <
1- jr X Cl cr IIZ c/: c C t-
• • < (- _j — H cr 00 LU
^-N LL. 00 r» Cl CJ
to c 2" UJ 00 c z
< 2 C _^ c 1- z CJ <















^-^ — <r t-
to LL LL
II LU Z o to ; c z C LL
c ^-s C o \- • c c c: O
c IS) ^^ to (X LA ^ C o LU LL' LU
lu to 1- *-** — II i-l z s tr —'. ^
LU t- t- ^ to ;> c- Cr" - LU — _l <
a. IX. 1«£ Im* h- z LL. • LU _^ o X < h-
IS) < v^ i<i lx' LL. LP. D. t- z c >
cr s—
'
• C II K> >• LU < LU LU
• CJ C<- • LU CS4 t- cr 2 CC LU _!X d; 0- • 1^ LU d: rx CC








h- c CI LU 0- 1- —
.
C — X LU LU <. _J
< LU LU LU C LU < »- LU O to a. CL. _J
1- LU Q- LU H _i LU CL — >- — <
UJ < 0- to LU oo LU < D. 3J* 1- •Q l-H 0. oo Q. C to to • • o ^r
x • — LU to LL. x LU — Z3 j- LU ; rrj
h- o cj cc to o t- to CC _X" O 00 ^7 •
— c — ^~ • • • _ — 'Z. h- > o. < LU — C
t- o i- — LA x o x <r> Q H X — LU LU CL xo
_J c z _J N-l CC LA < CO Z _j ec _) 1- LL • 1- -J >- < LA




























































































































































































































































































z cc \- xC LU " X
CJ x z.
^- X d:
c CJH z 0:
< LU ccX CL c
CO O
— 1- c: _j
2 CL <
LU cc
X CJ z XX CO — 1—
>- < K C_"
> X < ^
LL C — h- cc
— < < < K
cc c co
: cc
• co c ccZ tu c
r z c cr LL
cc CJ —
LU 23 23 cc
CL |- CiC LU
>- LU LU LU h-
\- CC -1 cc LU
-J ^r
H LU X <
h- \- CL — ~
™
z c C
__ 21 or Lu







— z: cry LT>
LU CC
x c cs CO
\- >- • CL < • IT.
LU LU X •
»— LL • 1 ' < hO






















































































































































































































































































































































































< <M X ->


































































































































c I- c «-» o
— to . o
l_ _ c • c
< c oM «
_ L2_ O
-^ U_ II • C II
— c o 11 uj|_ UJ UJ U.' c
O- __: I— UJ O- LU
c < < O CO UJ
1— or 11 z o-
. < LU CO
I— co lu or co
• cr zz cr zz — •
to o — 2: c x x
x -1 < z or <



































































i- _i H o oc oc oc OO fpi ho hP CSI 1-H Hr-l
_J r> u. o l-H >-l 1-1 i-H CSI csi CSI CSI CSI CSI CSI
Z2 LU — -=f r-p i>p N~. N-l l*-i K-. K> rP K> hP hP
to X _J •
























>- o o c
h- CSI csi csi


































c o o O c c C O c
CSI CSI CSJ CI CSI CSI CSI CSI CM II



















c o c c o c c c o ._' c
LT. LP LP. LP LP. L- LP LP LP c o

































LU o o O O c o c o C O O C c • L-' rp rPv c o
0- ~r^ o o o c o C o CD o o O O CD X o. — o c o o
LU X < _j l_v X < _J
r* O CJ < LU' LU LU LU LU LU LU LU LU' LU' LU LU Lu' cr C_ c- < LU Lu' Lu' Li'
— cr _J > CT LP. u-i LPi LA LC LC LO OO CO t-l c-( i-i < cr ! •^. r» CO CS! CSI
r- < u i—
1
1-H .-H t-H i-H 05 CO 00 r^ i"- r- r~ t~~ LU «r LU C est CSI CSI
: LU c 2H CSI c O O C cr cn cn cp. cr cn cp CP. LP LU cr ZT C' CSI o C
cr CO c c i-H i-l i—
1
i-l c o CD o o CP o o to c CSI r*. CSI CSI
c — LP. rPi tr\ hPv K"l ro IPI |P| hP t^\ fp tp rp, U-' — LC i—
I
LC LC
LU X l- tc to LO LC U3 LC U3 LO cc to LO LC LO c LU X H- UP LP. LD LC
1- c c_- CJ CO oc OC CO CO oo 00 OO oo oc oo oo oo < c CJ CJ CSI CSI CO c?
n^ < cr rr . • —
!
< or X • • • •
c ! < Z3 o o o c o o o o o o OO o or: _J < rr CD CD o o2 cc LU LU cr Lu LU
— to j- to
-3- U- 2^ LU LU LU 2 LU LUZ LU Z LU hp U.' zz rr
LL 1- 2 cr cr c cr cr cr cr c or cr cr or LU t- ;r c ore:C Z o LU — C LU c o c LU C cu OLU c C ZZL <J LU — c LU LU
— LU1 > c: _i 1- _J _i _j t- _j _lr- -it- u — LU > cr _i l-r-
c cr C c 0- 1- c o. Q. (- a. G->- 0.1- Q- C- cr or cr — 0. hH? Ll _ ^ or x< X X X < X X< x< X rr LU — 2Z c: X <:<






















jf cc oc K' o: oo
• • • • • •
moo o o o
i—I i—I r-l i-H i—
I
i-H
CM CM CM CM CM CM
o o O CD O CO o
Ln in m in in in in in
• • • • « • •
ha tn rn »n rn tn m m


































• • • • • • •
• CM CM
m m rn m tn m m rn r- m













o o o o co o o o • • — to
o o o o CD o o o X j- oCM LL COLL •
LU LU LU LU LU U.' LU LU cc • • I- CM LU C
CM CM cm r»- o cc CO CO < II -3-LL o
CM CM CO CD cr to cc LC LU CC in II COC C CD CM CM CM CM CM to LU co «o II
CM CM CM J- j- _— J" -3" _l lu tn in CC h-
LO CC in -2- j- J- J- J" LU _J C t-H . o LL LU
to LO LO to CD to CO LC O LU <£ m h- — ID
cc CO CO CO CO CO OO OO < CL —! It »—
f
CO -J _l
• • • • • • • •
1 c CC < <






tn O 1- CC >- H ZC
LU LU LU Z *i- LU x LU jr < LU H < c
CC CC cccc cc CC cc CC LL x cc cc h- — CC —
o o O LU LU o LU c C y LU LU > cr h-
_J _J -Jh H- _J K -J — cc cc s — LU O
o. Q. CLI- h- CL t- O- o \- 2: << H- I- 2X X X< < X < X 7* C- r; lu — o x x
LU LU LU CL CL LU CL LU LU o 2 CQ< — LL
• • rn
LL CC c






i-H • Y- o













• O II o
cn h- > _J <^» 00
o LL < LL r^
CM — H C_> LL CO
CM —J < LU r-l
C7> %*• LU *«-* m
i-« h- c: S o
II I
s
- < •-s. <
J- *<** C£
LU • in CO
CO o >- r~~ LU
zc CJ • X j-
< II in z. *w^ _J CO
h- rn LU < cn
co ^ CO — LU > "^ 00
— o • CJ _J •
o — o — cr CD CO
h- LL z 2
LL < n LL < —
LL h- LU 2O CO c_ LU b
LU ^ o CL O -j CM
±C -^ c < _J CL r»
<Cl 1- c: _J o c_- j-




















LU LU — "3
CL -1 CO




X < c CL



















































































































r» u CO V_X •o c — • • s: O
• • *— o _
_
-J LA
en ^ x u C C£ 11
co cr. II LU
CO
CM tA















































c: f? CC LU
D. CM
— a O- J" c
z
LU























































»- 1- Oy D_ tH





^3 cm cnxc 111-^ oh-
h-LL. • X •*
< — — cr.

LIST OF REFERENCES
1. Goldstein, S. "On the Vortex Theory of Screw Propellers", Proceedings
of the Royal Society , A123 p. 440, 1929.
2. McCormick, B. W. , Jr., Aerodynamics of V/STOL Flight
, p. 73-99,
Academic Press, 1967.
3. N.A.C.A. Technical Report 640, The Aerodynamic Characteristic of
Full-Scale Propellers Having 2, 3, and 4 Blades of Clark Y
and R.A.F. 6 Airfoil Sections , by Hartman and Biermann, 1938.
4. Hooke, R. and Jeeves, T. A., "Direct Search Solution of Numerical
and Statistical Problems," Journal of the Association for
Computing Machinery , v. 8, p. 212-229, April 1961.
5. Bell, M. and Pile, M. C, "Remark on Algorithm 178, Direct Search,"
Communications of the Association for Computing Machinery
,
v. 9, p. 684-685, September 1966.
6. Wilde, D. J., Optimum Seeking Methods , Prentice-Hall, 1964.
7. Generalized Method of Propeller Performance Estimation , Revision
'A' to PDB 6101, Hamilton Standard Division, United Aircraft
Corporation, Windsor Locks, Connecticut, June 1963.
8. Dommasch, D. 0., Shtrby, S. S. , and Connoly, T. F., Airplane
Aerodynamics , 3d ed., p. 304-343, Pitman, 1961.
9. YP-3C/P-3C Orion Performance Characteristics with T56-A-14 Engines
,
LR22310, Lockheed California Company, Burbank, California
10. H. S. Specification No. HS 1845 Covering the 54H60-69 Propeller
for the Lockheed P3V Airplane , HS 1845, Hamilton Standard






1. Defense Documentation Center 2
Cameron Station
Alexandria, Virginia 22314
2. Library, Code 0212 2
Naval Postgraduate School
Monterey, California 93940
3. Chairman, Department of Aeronautics 1
Naval Postgraduate School
Monterey, California 93940




5. LTJG Robert L. Shaw, USN 1
248 Greengate Lane
Spartanburg, South Carolina 29302
6. Navy Plant Representative 1
Hamilton Standard Division
United Aircraft Corporation
Windsor Locks, Connecticut 06096







1. Defense Documentation Center 2
Cameron Station
Alexandria, Virginia 22314
2. Library, Code 0212 2
Naval Postgraduate School
Monterey, California 93940
3. Chairman, Department of Aeronautics 1
Naval Postgraduate School
Monterey, California 93940




5. LTJG Robert L. Shaw, USN 1
248 Greengate Lane
Spartanburg, South Carolina 29302
6. Navy Plant Representative 1
Hamilton Standard Division
United Aircraft Corporation
Windsor Locks, Connecticut 06096







DOCUMENT CONTROL DATA -R&D
{Security classification ol title, body ol abstract and indexing annotation must be entered when the overall report Is classified)
ORIGINATING ACTIVITY (Corporate author)
Naval Postgraduate School
Monterey, California 93940




Computerized Aerodynamic Optimization of Aircraft Propellers
DESCRIPTIVE NOTES (Type o< report and. inclusive dates)
Master's Thesis; June 1970




7a. TOTAL NO. OF PAGES
101
7b. NO. OF REFS
10
I. CONTRACT OR GRANT NO.
>. PROJEC T NO.
9a. ORIGINATOR'S REPORT NUMBER(S)
9b. OTHER REPORT noisi (Any other numbers that may be assigned
this report)
3. DISTRIBUTION STATEMENT
This document has been approved for public release and sale; its distribution is
unlimited.




The objective of this thesis was to develop a practical computer system
for use of empirical data in the aerodynamic optimization of aircraft propellers.
The system was designed for use with the IBM 2741 on-line computer terminal.
This program provides instructions to the operator during execution, and allows
interaction by the operator for input and alteration of data, and for program
instructions.
The Lockheed P-3C aircraft was chosen as the subject for test and
evaluation of the program. The currently operational propeller of this aircraft
was tested to compare the program's prediction of aircraft performance against
flight test information. An attempt was then made to select a propeller which
would provide better performance under the same constraints as those imposed
in design of the operational propeller.
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